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APPEAL BRIEF 

Commissioner for Patents 

U.S. Patent and Trademark Office 

Alexandria, Virginia 

Sir: 

Appellants submit this Brief in support of its appeal to the Board of Patent Appeals and 
Interferences firom the decision of the Primary Examiner finally rejecting claims 1-51 in this 
patent appUcation. For the reasons set forth in detail below, Appellants respectfiiUy submit that 
the Primary Examiner's final rejection of these claims constitutes reversible error, and therefore, 
the Board should reverse the rejections of these claims. 

(i) Real Party In Interest (37 C.F.R. § 41.37(c)(l)(i)) 

The real party in interest in this Appeal is NIKE, Lie, a corporation organized and 
existing under the laws of the State of Oregon in the United States of America, and having a 
place of business at One Bowerman Drive, Beaverton, Oregon 97005-6453. The Assignment of 
this apphcation firom the inventors to NIKE, Inc. was recorded in the U.S. Patent and Trademark 
Office records on May 22, 2002 at Reel 012924, Frame 0439. 

(ii) Related Appeals and Interferences (37 C.F.R. § 4L37(c)(l)(ii)) 

Appellants, the Assignee, and the undersigned legal representative of the Appellants and 
Assignee are unaware of any appeals or interferences related to the present Appeal. 

(Hi) Status of Claims (37 C.F.R. § 4L37(c)(l)(iii)) 

Claims 1-51 (reproduced for reference in the "Claims Appendix") are pending in this 
application, with claims 1, 13, 27, and 41 being independent claims. In a Final Office Action 
dated August 13, 2004, the Primary Examiner rejected each of claims 1-51. Specifically, the 
Primary Examiner rejected claims 9, 15, 30, and 44 under 35 U.S.C. § 112, second paragraph. 
Additionally, the Primary Examiner rejected claims 1-8, 10-14, 16-29, 31-43 and 45-51 under 35 
U.S.C. § 103(a) based on U.S. Patent No. 5,050,141 to Thinesen (Evidence Appendix A, 
hereinafter "Thinesen) in view of U.S. Patent No. 5,526,290 to Kanzaki (Evidence Appendix B, 
hereinafter "Kanzaki"). The Primary Examiner additionally rejected claims 9, 15, 30 and 44 
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over the combination of the Thinesen and Kanzaki patents, in further view of U.S. Patent No. 
5,771,399 to Fishman (Evidence Appendix C, hereinafter "Fishman"). 

With respect to the rejection of claims 9, 15, 30, and 44 under 35 U.S.C. § 112, second 
paragraph, the Examiner indicated during a personal interview on December 20, 2004, that this 
"rejection is inadequate and will be withdrawn." See the Interview Sunmiary Record dated 
December 20, 2004, included in Evidence Appendix D. Accordingly, Appellants present this 
Appeal Brief with the understanding that the rejection under 35 U.S.C. § 1 12, second paragraph, 
is withdrawn, and Appellants therefore appeal the final rejections of claims 1-51 under 35 U.S.C. 
§ 103(a). 

(iv) Status of Amendments (37 C.KR § 4L37(c)(l)(iv)) 

No amendments have been made to the claims following the Final Office Action dated 
August 13,2004. 

(v) Summary of Claimed Subject Matter (37 C.F.R. § 41.37(c)(l)(v)) 

The present invention involves a pace calculation device and a manner of using such a 
device. The following summary of the claimed subject matter identifies examples of portions of 
the original specification and drawings at which the various claim features are described or 
illustrated. The various claim features and the claimed subject matter may be described, 
discussed, and/or illustrated at other portions of the specification and/or in additional drawings 
not expressly identified in the summary that follows. 

A summary of the claimed subject matter for each independent claim involved in this 
appeal follows: 

(a) Claim 1 

Appellants' claim 1 recites a device for calculating a pace {see page 3, line 17-18; page 3, 
lines 24-25; and Fig. 1, reference number 101). The claimed pace calculation device includes a 
chronograph for measuring an elapsed time {see page 4, lines 7-15; page 4, lines 16-18; page 4, 
lines 23-25; page 5, lines 9-16; page 6, lines 6-8; page 6, lines 13-17; page 7, lines 3-28; page 10, 
lines 3-12; page 1 1, lines 16-25; and Fig. 1, reference number 107). The pace calculation device 
also includes a distance memory storing a distance {see page 5, lines 1-8; page 5, lines 18-23; 
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page 8, lines 8-15; page 9, lines 10-15; page 11, line 28 through page 12, line 3; page 12, line 29 
through page 13, line 2; and Fig. 1, reference number 115). The device further includes a system 
for performing a pace calculation process that calculates the pace by dividing the distance 
contained in the distance memory 1 15 by the elapsed time provided by the chronograph 107 (see 
page 5, lines 1 through 23; page 6, lines 16-17; page 7, lines 3-5; page 8, lines 8-15; page 10, 
lines 4-16; page 11, line 16 through page 14; page 12, line 23 through page 13, line 17; Fig. 1, 
reference number 1 13; and the flowchart of Fig. 3), 

(b) Claim 13 

Appellants' independent claim 13 recites a method of calculating a pace with a pace 
calculation device. See generally the flowchart of Fig. 3. As part of this method, a distance 
parameter is received into a distance memory of the pace calculation device (see page 8, lines 8- 
15; page 9, line 24 through page 10, line 3; and Fig. 3, reference number 303). As another part 
of this method, the elapsed time to cover the distance is measured with a chronograph, e.g., by 
starting and stopping a counter of the chronograph at the appropriate times (see page 10, line 4 
through page 11, line 28; and Fig. 3, reference numbers 305 and 307). Thereafter, the pace is 
calculated by dividing the distance contained in the distance memory by the elapsed time 
provided by the chronograph (see page 11, line 20 through page 12, line 14; and Fig. 3, reference 
number 309). 

(c) Claim 27 

Appellants' independent claim 27 recites a method of calculating a pace. See generally 
the flowchart of Fig. 3. This claimed method includes inputting a distance into a distance 
memory of a pace calculation device (see page 8, lines 8-15; page 9, line 24 through page 10, 
line 3; and Fig. 3, reference number 303). The method further includes prompting the pace 
calculation device to measure an elapsed time (see page 10, line 4 through page 11, line 28; and 
Fig. 3, reference numbers 305 and 307). Thereafter, the pace calculation device is prompted to 
calculate the pace by dividing the distance by the elapsed time (see page 11, line 20 through page 
12, line 14; and Fig. 3, reference number 309). 

(d) Claim 41 

Appellants' independent claim 41 recites a method of calculating a pace with a pace 
calculation device. This claimed method includes receiving a distance into a distance memory of 
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a pace calculation device {see page 8, lines 8-15; and page 9, line 24 through page 10, line 3). 
Further, in this claimed method, a plurality of split times are measured with the pace calculation 
device, each split time being a segment of a total elapsed time {see page 10, lines 17-29; and 
page 12, line 23 through page 13, line 17). In this claimed method, the device further can 
determine the number of measured split times {see page 10, lines 23-25) and the segment 
distance (obtained by dividing the overall distance by the determined number of measured split 
times) {see page 13, lines 6-11). Finally, the claimed method in accordance with this aspect of 
the invention further calculates the pace of a measured split time by dividing the segment 
distance by at least one of the measured split times {see page 13, lines 12-17). 

(vi) Grounds of Rejection to be Reviewed on Appeal (37 CF.R. § 4L37(c)(l)(vi)) 

In the Final Office Action mailed August 13, 2004, the Primary Examiner finally rejected 
claims 1-51, the claims involved in this Appeal, based on the following grounds of rejection: 

(a) Claims 1-8, 10-14, 16-29, 31-43 and 45-51 were rejected under 35 U.S.C. § 103(a) 
based on U.S. Patent No. 5,050,141 to Thinesen {see Evidence Appendix A) in view 
of U.S. Patent No. 5,526,290 to Kanzaki {see Evidence Appendix B). See the August 
13, 2004, Final Office Action at pages 3-5. 

(b) Claims 9, 15, 30 and 44 were rejected under 35 U.S.C. § 103(a) based on Thinesen in 
view of Kanzaki, and in further view of U.S. Patent No. 5,771,399 to Fishman {see 
Evidence Appendix D). See the August 13, 2004, Final Office Action at pages 5-6. 

None of the pending claims have been allowed. Appellants appeal the final rejection of 
all of the pending claims in this application (z.e., claims 1-51): 

(vii) Argument (37 CKR. § 4L37(c)(l)(vii)) 

For the reasons described in detail below. Appellants respectfully assert that the Primary 
Examiner's final rejection of claims 1-51 in this application constitutes reversible error. 
Accordingly, the Board should reverse the final rejection. Separate sections and arguments are 
provided below for each ground of rejection for consideration in this Appeal. 
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(a) AppeUants' Claims 1-8, 10-14, 16-29, 31-43, and 45-51 Patentably Distinguish 
from the Combination of Thinesen with Kanzaki 

The Primary Examiner rejected claims 1-8, 10-14, 16-29, 31-43 and 45-51 under 35 
U.S.C. § 103(a) based on Thinesen in view of Kanzaki. See the August 13, 2004, Final Office 
Action at pages 3-5. Appellants respectfully traverse this rejection, and courteously ask for its 
reversal. 

Each of Appellants' independent claims 1, 13, 27, and 41 recites the determination of a 
pace by dividing a distance stored in memory by an elapsed time or a segment of an elapsed time 
(e.g., a split time). As described in Appellants' specification, the elapsed time is a time period 
that has already occurred, not a predicted, fiiture, or target time period. See Appellants' 
specification at page 4, lines 7-18; page 4, lines 23-25; page 6, lines 6-8; page 6, lines 13-17; 
page 7, lines 3-28; and page 10, line 3 through page 11, line 29). Appellants respectfully assert 
that the determination of a pace as recited in these claims is not taught or suggested by either the 
Thinesen patent or the Kanzaki patent. 

To support a rejection for obviousness under 35 U.S.C. § 103(a), the obviousness 
rejection must include some articulated reasoning that makes logical sense. See KSR Int'l Co. v. 
Teleflex, Inc, 127 S.Ct 1727, 1741 (2007) ("To facilitate review, this analysis should be made 
explicit. See In re Kahn, 441 F.3d 977, 988 (C.A.Fed. 2006) ("[R]ejections on obviousness 
grounds cannot be sustained by mere conclusory statements; instead, there must be some 
articulated reasoning with some rational underpinning to support the legal conclusion of 
obviousness")."). As will be demonstrated below, because the final rejection is based on an 
erroneous interpretation of the cited references, the rejection fails to provide adequate 
"reasoning" with a sufficient "rational underpinning" to support the Office's ultimate conclusion 
of obviousness. The rejection should be reversed. 

With regard to the Thinesen patent, this patent describes establishing a pace by actuating 
command buttons in synchronism with the user's footsteps. See, e.g., Thinesen at column 2, 
lines 11-14; column 7, lines 38-41; and column 8, lines 3-10. hi addition, this patent describes 
that the pace reflects the number of a user's steps per minute, not aii actual distance traveled. M, 
at column 6, lines 31-58. Appellants note that the Thinesen patent does describe a technique of 
multiplying this type of pace by another value, in order to convert it into a unit of distance per 
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time. This technique, however, does not employ a stored distance and a stored elapsed time, as 
recited in Appellants' claims. Stated simply, the pace value determination disclosed by Thinesen 
differs substantially from Appellants' claimed pace calculation system and method. 

The Kanzaki patent does not overcome the deficiencies of Thinesen. Kanzaki discloses 
determining a pace using a number of altemate techniques, but this patent still does not teach or 
suggest determining a pace in the manner recited in Appellants' claims. As one example, 
Kanzaki discloses calculating a target pace at which a user would need to move in order to travel 
a distance in a target time. See, for example, Kanzaki at column 8, lines 55-58 and column 17, 
lines 4-20. Thus, this type of "target" pace cannot be and is not determined based upon an 
elapsed time. Kanzaki also discloses setting a desired pace by keying in pace data through a key 
switch. M, at colunrn 6, lines 56-57. Again, this portion of the Kanzaki patent does not teach or 
suggest determining a pace using an elapsed time. Still further, the Kanzaki patent discloses 
determining a pace by receiving signals from a pedometer. Id, at column 12, line 61 to column 
13, line 25. Accordingly, Appellants respectfully submit that the Kanzaki patent does not teach 
or suggest the pace calculation features of the invention in the manner recited in any of 
Appellants' claims {e.g., based on a distance stored in a distance memory and an elapsed time). 

The Examiner has specifically noted that the Kanzaki patent discloses the general 
formula for calculating pace as: 

p = d ^ w t. 

See, for example, Kanzaki at colunm 1, line 40 and the August 13, 2004, Final Office Action at 
page 7, lines 3-7. Appellants respectfully point out, however, that the Kanzaki patent describes 
using this formula to determine a desired pace based upon a target run time t. See Kanzaki at 
column 1, line 34. This portion of Kanzaki does not teach or suggest using an elapsed time to 
determine an actual pace, as recited in Appellants' claims. 

Accordingly, Appellants respectfully submit that the combined teachings of Thinesen and 
Kanzaki fail to disclose all of the recited features of Appellants' claimed invention. The final 
rejection of claims 1,13, 27, and 41 (as well as their associated dependent claims) should be 
reversed due to this deficiency. 
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Moreover, Appellants respectfully assert that the final rejection fails to provide a rational 
basis for concluding that the claimed invention would have been obvious to a person having 
ordinary skill in the art because the cited art relates to very different pace related concepts. The 
Kanzaki patent is directed to determining a desired pace for someone to run. The Thinesen 
patent, on the other hand, is directed to a device for synchronizing a pace produced by the device 
with the user's actual pace. Thus, in addition to not teaching the features of the invention, 
combining the features of the Thinesen patent with those described in the Kanzaki patent in the 
manner suggested by the Primary Examiner would vitiate the v^ teachings and purpose of the 
device of the Thinesen patent. Appellants respectfully assert that there is no rational reasoning to 
support modifying the teachings of a reference in a manner that eliminates the very purpose of 
the device according to the reference. 

Furthermore, Appellants respectfully assert that the rejection fails to provide a rational 

basis for concluding that the claimed invention is obvious because the rejection is based on a 

misunderstanding of the cited Thinesen and Kanzaki patents. For example, in the Jxme 30, 2005, 

Examiner's Answer, the Primary Examiner stated: 

Kanzaki teaches determining a pace by initiating a stop watch, timing the duration 
of time that it takes for a rtmner to run a distance X and setting the pace 
therefrom, see Kanzaki column 6, line 53 - colunm 7, line 8. 

See the June 30, 2005, Examiner's Answer at page 7, lines 15-17. To demonstrate how the 
Primary Examiner has misinterpreted the Kanzaki and Thinesen patents, this portion of the 
Kanzaki patent is reproduced in its entirety below: 

In the test run mode, a pace in the first mode test run is set and a test run 
time in which the runner runs any distance x at the pace is measured (step A3). 

The runner keys in pace data by the fourth key switch S4 to set the pace. 
As shown in the first test run picture B of FIG. 3, the pace is set, for example, at 
190 steps/minute. The pace data PI is stored in the first pace PI memory area 5e 
of the RAM 5 of FIG. 2. The CPU 3 outputs a pace signal to the amplifier 6 on 
the basis of the pace data and the speaker 7 generates a signal sound at periods of 
190 steps/minute. 

As shown in FIG. 5, the rurmer runs a course X having any distance x a 
pace corresponding to the signal sound. At the start of the course X, the runner 
depresses the fifth key switch S5 to start the stopwatch function and starts to run 
the course to the signal sound. The runner then stops the stopwatch function by 
depression of the fifth key switch S5 again at the end point of the course X to 
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measure the test run time for the course X. The test run time data obtained in this 
measurement is stored in the first test run time Tl area 5f of the RAM 5. Assume 
now that the first run time taken is 21 seconds. 

See Kanzaki at column 6, line 53 - colunm 7, line 8 (emphasis added). If it shows nothing else, 
the emphasized language from this Kanzaki excerpt clearly establishes that this portion of the 
Kanzaki patent does not teach or suggest determining a pace, as argued by the Primary 
Examiner. 

Instead, this portion of the Kanzaki patent specifically describes having the user enter a 
predetermined pace. A CPU then outputs a signal corresponding to the pace input by the user. 
Thus, if the user inputs a pace of 2 mph, this is the pace information stored in the Kanzaki 
system, regardless of the actual pace, faster or slower, subsequently run by the user. While the 
Kanzaki patent does teach calculating a pace, it does not do so in the text relied upon by the 
Primary Examiner. Moreover, Kanzaki's methods of calculating a pace, as described above, do 
not teach or suggest the method and devices recited in Appellants' claims. 

For the foregoing reasons, Appellants respectfully submit that the final rejection fails to 
demonstrate that the claimed invention is prima facie obvious. There is no rational reasoning for 
modifying the references in the manner suggested by the Examiner because the asserted and 
underlying reasoning and motivation are based on a misinterpretation of the cited Thinesen and 
Kanzaki patents. Moreover, even if combined, these patents fail to disclose or reasonably 
suggest the pace calculation features of the invention as recited in independent claims 1,13, 27, 
and 41. The final rejection of claims 1-8, 10-14, 16-29, 31-43 and 45-51 should be reversed. 

(b) AppeUants' Claims 9, 15, 30, and 44 Patentably Distinguish from the 
Combination of Thinesen with Kanzaki and Fishman 

The Primary Examiner also finally rejected claims 9, 15, 30 and 44 based on the 
combination of the Thinesen and Kanzaki patents, in fiirther view of U.S. Patent No. 5,771,399 
to Fishman. See the August 13, 2004, Final Office Action at 5-6. Appellants respectfiiUy 
traverse this rejection, and courteously ask for its reversal. 

Claims 9, 15, 30, and 44 depend firom claims 1, 13, 27, and 41, respectively. As 
explained in detail above, there is no rational reasoning for modifying the teachings of Thinesen 
and/or Kanzaki to arrive at Appellants' claimed invention as recited in claims 1, 13, 27, and 41. 
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Further, the combination of Thinesen with Kanzaki does not teach or suggest the invention as 
recited in any of claims 1,13, 27, and 41 . Appellants respectfully assert that the Fishman patent 
does not remedy the deficiencies of the Thinesen and Kanzaki patents, and Fishman does provide 
any rational reasoning for modifying the teachings of Thinesen and/or Kanzaki to arrive at 
Appellants' claimed invention. Appellants therefore ask that the rejection of claims 9, 15, 30, 
and 44 be reversed as well. 

Conclusion 

The August 13, 2004, Final Office Action fails to carry the Office's burden of 
establishing that the claimed invention is rendered prima facie obvious by the cited patents. The 
cited patents simply fail to teach or suggest calculation of a pace, using an actual elapsed time 
period and a stored distance, in the manner recited in Appellants' claims. Thus, the final 
rejections of claims 1-51 should be reversed. Appellants respectfully solicit reversal of these 
rejections. 

In accordance with 37 C.F.R. § 41.31 Appellants submit this Appeal Brief to the Board of 
Patent Appeals and Interferences. Because the Appeal Brief Fee has previously been submitted, 
Appellants respectfully assert that no additional fee is due at this time. If, however, any fees are 
due to facilitate entry and consideration of this Appeal Brief and to maintain the pendency of this 
application, the Commissioner is authorized to charge any necessary fees to the Deposit Account 
of the undersigned. Deposit Account No. 19-0733. 

Respectfully submitted, 

BANNER & WITCOFF, LTD. 

Bv: AViUiam F. Rauchholz/ 

William F. Rauchholz 
Registration No. 34,701 

Banner & Witcoff, Ltd. 
1100 13'^ Street, N.W., Suite 1200 
Washington, D.C. 20005-4051 
Telephone: (202) 824-3000 
Facsimile: (202) 824-3001 

Dated: August 17, 2007 
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Claims Appendix (37 C.F.R. § 41.37(c)(l)(viii)) 
Claims Involved in the Appeal 

This Appendix includes a clean copy of claims 1-51, the claims involved in this Appeal: 

1 . A device for calculating a pace, comprising: 
a chronograph for measuring an elapsed time; 
a distance memory containing a distance; and 

a pace calculation process which calculates the pace by dividing the distance contained in 
the distance memory by the elapsed time provided by the chronograph. 

2. The device recited in claim 1, further comprising a display which displays the 
calculated pace. 

3. The device recited in claim 1, further comprising a chronometer. 

4. The device recited in claim 1, further comprising an input device that allows a user to 
input the distance into the distance memory. 

5. The device recited in claim 4, wherein the input device includes at least one 
depressable button. 

6. The device recited in claim 5, wherein the input device includes a first depressable 
button for selecting a data field, a second depressable button for incrementing a value in a 
selected data field, and a third depressable button for decrementing the value in the selected data 
field, 

7. The device recited in claim 1, wherein the chronograph is implemented using a 
mechanical structure. 

8. The device recited in claim 7, further including an optical encoder for converting an 
elapsed time measured by the chronograph into a digital format. 

9. The device recited in claim 1, wherein the chronograph, the distance memory, and the 
pace calculation process are incorporated into a personal digital assistant. 

10. The device recited in claim 1, wherein the chronograph, the distance memory, and 
the pace calculation process are incorporated into a watch. 
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1 1 . The device recited in claim 1 0, wherein the watch is a wristwatch. 

12. The device recited in claim 1, further including a data memory for storing the 
calculated pace. 

13. A method of calculating a pace with a pace calculation device, comprising: 
receiving a distance into a distance memory of a pace calculation device; 

measuring an elapsed time with a chronograph; and 

dividing the distance contained in the distance memory by the elapsed time provided by 
the chronograph to calculate a pace. 

14. The method recited in claim 13, further comprising displaying the calculated pace to 
a user of the pace calculation device. 

15. The method recited in claim 13, further comprising providing the calculated pace to 
another device. 

16. The method recited in claim 13, wherein receiving the distance into the distance 
memory includes: 

receiving input selecting a numerical value; and 

receiving input selecting a distance unit from among a plurality of distance xmits. 

17. The method recited in claim 16, wherein the plurality of distance units include two or 
more selected from the group consisting of kilometers, miles, yards, meters, feet, and nautical 
miles. 

18. The method of claim 13, further comprising: 

measuring a second elapsed time with the chronograph that is a segment of a larger 
elapsed time measured by the chronograph; 

determining a portion of the distance corresponding to the second elapsed time; and 
calculating a pace for the portion of the distance. 

19. The method recited in claim 13, further comprising: 

measuring a plurality of split times with the chronograph, each split time being a segment 
of the elapsed time; 

determining the number of measured split times; 
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dividing the distance by the determined number of measured split times to obtain a 
segment distance; and 

dividing the segment distance by at least one of the measured split times to calculate a 
pace corresponding to the at least one of the measured split times. 

20. The method recited in claim 19, further comprising dividing the segment distance by 
each of the measured split times to calculate a pace corresponding to each of the measured split 
times. 

21 . The method recited in claim 13, wherein the distance is received into the distance 
memory from an input device having at least one depressable button. 

22. The method recited in claim 21, further comprising detecting actuation of a first 
depressable button of the input device for selecting a data field, detecting actuation of a second 
depressable button of the input device for incrementing a value in a selected data field, and 
detecting actuation of a third depressable button of the input device for decrementing the value in 
the selected data field. 

23. The method recited in claim 1, further comprising receiving the distance into the 
distance memory before measuring the elapsed time. 

24. The method recited in claim 1, further comprising receiving the distance into the 
distance memory after measuring the elapsed time. 

25. The method recited in claim 1 , further comprising receiving the distance into the 
distance memory while measuring the elapsed time. 

26. The method recited in claim 1, further comprising saving the calculated pace into a 
data memory. 

27. A method of calculating a pace, comprising: 

inputting a distance into a distance memory of a pace calculation device; 
prompting the pace calculation device to measure an elapsed time; and 
prompting the pace calculation device to calculate a pace by dividing the distance by the 
elapsed time. 
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28. The method recited in claim 27, wherein inputting the distance into the distance 
memory prompts the pace calculation device to calculate the pace. 

29. The method recited in claim 27, further comprising prompting the pace calculation 
device to display the calculated pace. 

30. The method recited in claim 27, further comprising prompting the pace calculation 
device to provide the calculated pace to another device, 

3 1 . The method recited in claim 27, wherein inputting the distance into the distance 
memory includes: 

selecting a numerical value; and 

selecting a distance unit from among a plurality of distance units. 

32. The method recited in claim 31, wherein the plurality of distance units include two or 
more selected from the group consisting of kilometers, miles, yards, meters, feet, and nautical 
miles, 

33. The method of claim 27, further comprising: 

prompting the pace calculation device to measure a second elapsed time that is a segment 
of a larger elapsed time; and 

prompting the pace calculation device to 

determine a portion of the distance corresponding to the second elapsed time; and 

calculate a pace for the portion of the distance. 

34. The method recited in claim 27, further comprising: 

prompting the pace calculation device to measure a plurality of split times with the 
chronograph, each spUt time being a segment of the elapsed time; and 
prompting the pace calculation device to 

determine the number of measured split times; 

divide the distance by the determined number of measured split times to obtain a 
segment distance; and 

divide the segment distance by at least one of the measured split times to calculate 
a pace corresponding to the at least one of the measured split times. 
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35. The method recited in claim 34, further comprising prompting the pace calculation 
device to divide the segment distance by each of the measured split times to calculate a pace 
corresponding to each of the measured split times. 

36. The method recited in claim 27, ftuther comprising inputting the distance into the 
distance memory using an input device having at least one depressable button. 

37. The method recited in claim 36, further comprising 

actuating a first depressable button of the input device to select a data field, 

actuating a second depressable button of the input device to incrementing a value in the 

selected data field, and 

actuating a third depressable button of the input device to decrement the value in the 

selected data field. 

38. The method recited in claim 27, further comprising inputting the distance into the 
distance memory before prompting the pace calculation device to measure the elapsed time. 

39. The method recited in claim 27, further comprising inputting the distance into the 
distance memory after prompting the pace calculation device to measure the elapsed time. 

40. The method recited in claim 27, further comprising inputting the distance into the 
distance memory while the pace calculation device is measuring the elapsed time. 

41 . A method of calculating a pace with a pace calculation device, comprising: 
receiving a distance into a distance memory of a pace calculation device; 

measuring a plvirality of split times with the pace calculation device, each split time being 
a segment of a total elapsed time; 

determining the number of measured split times; 

dividing the distance by the determined number of measured split times to obtain a 
segment distance; and 

dividing the segment distance by at least one of the measured split times to calculate a 
pace corresponding to the at least one of the measured split times. 
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42. The method recited in claim 41, further comprising dividing the segment distance by 
each of the measured split times to calculate a pace corresponding to each of the measured split 
times. 

43. The method recited in claim 41, further comprising displaying the calculated pace to 
a user of the pace calculation device. 

44. The method recited in claim 41, further comprising providing the calculated pace to 
another device. 

45. The method recited in claim 41, wherein receiving the distance into the distance 
memory includes: 

receiving input selecting a numerical value; and 

receiving input selecting a distance unit from among a plurality of distance units. 

46. The method recited in claim 45, wherein the plurality of distance units include two or 
more selected from the group consisting of kilometers, miles, yards, meters, feet, and nautical 
miles. 

47. The method recited in claim 41, wherein the distance is received into the distance 
memory from an input device having at least one depressable button. 

48. The method recited in claim 47, further comprising detecting actuation of a first 
depressable button of the input device for selecting a data field, detecting actuation of a second 
depressable button of the input device for incrementing a value in a selected data field, and 
detecting actuation of a third depressable button of the input device for decrementing the value in 
the selected data field. 

49. The method recited in claim 41, further comprising receiving the distance into the 
distance memory before measuring the split times. 

50. The method recited in claim 41, further comprising receiving the distance into the 
distance memory after measuring the split times. 

5 1 . The method recited in claim 4 1 , further comprising saving the calculated pace into a 
data memory. 
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ABSTRACT 



A multimode electronic timepiece has an electroptic 
display, an alarm, several pushbuttons and an integrated 
circuit, programmed to keep time. Several timepiece 
operating modes include a pace mode, wherein audible , 
periodic beeping sounds are produced by the alarm 
which correspond to the value of a preselected pace of 
an operator. A first manual actuation of a pushbutton 
commences a timing event, and second manual actua- 
tion of the pushbutton terminates the timing event. An 
internal program alters the preselected pace and stores 
an altered pace in response to the time elapsed between 
first and second actuation of the pushbutton. The pro- 
gram displays the altered pace and causes the alarm to 
beep at a rate equivalent to the altered pace. 

17 Qaims, 5 Drawing Sheets 
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. walker or runner, his rate of travel, and the remaining 

PROGRAM TO SYNCHRONIZE PACE IN A distance to be traveled. Thus, the walker or runner must 

MULTIMODE ALARM TIMEPIECE conform this pace to the cadence which he has set 

ahead of time. However, this preset cadence might not 

BACKGROUND OF THE INVENTION 5 be comfortable, or might vary from the natural cadence 

This invention relates generally to multimode elec- the runner or walker, and therefore he might desire 

tronic timepieces which display and sound walking or to change this cadence. Although the cadence may be 

running pace with audible alarm devices. More particu- changed, this is a cumbersome process which may re- 

larly, the invention relates to an improved program for quire several adjustments and will also likely require the 

altering a previously selected pace and for performing walker or runner to stop in order to reset the cadence, 

calculations utilizing the altered pace. Such electronic Accordingly, one object of the present inventions is 

timepieces are used by runners, walkers, bicyclists, row- to provide an improved program which will allow the 

ers and the like. operator to synchronize the pace which is set in a multi- 

Multimode, multifunction wristwatches (or wrist mode alarm timepiece with the operator's natural pace, 

instruments) are known which include a display, an Another object of the invention is to provide an im- 

audible alarm deyice or beeper, a number of manually proved program to perform calculations in multimode 

actuated switches and an integrated circuit pro- timepiece which will permit correction of the pace in 

grammed in a preselected sequence. Examples of such accordance with feedback information entered by the 

watchesareseeninU.S. Pat. Nos. 4,783,773— Houlihan operator, revise the calculations using this corrected 

et al, 4,780,864— Houlihan and U.S. Pat. No. 20 pace, and then display the results of the revised calcula- 

4,283,784 — Horan, all of the foregoing being assigned to tions. 

the present assignee. In the foregoing patents, which are Another object of the invention is to provide an im- 

merely exemplary of multimode electronic wrist instru- proved program in a multimode timepiece which will 

ments or multifunction wnstwatches, one of the manual ^ ^ ^Iter and synchronize the 

actuators may typically serve to repetitively cycle the 25 ^^^^ provided by the timepiece in a simple manner 

instrument through a number of modes or operating ^YiUc running or walking, 
states in each of which a different type of information is 

displayed. Such modes may mclude, in a multifunction SUMMARY OF THE INVENTION 

watch, the time of day, chronograph, dual time zone, n^^rj^, ^t^t^A ti,o ^«r«««eoo 5«,«,^„^ 

, , *5 jt» -iin Dnetiy stated, the mvention compnses an improve- 

elapsed time and an alarm setting mode. By special 30 , : • ■ • 

actuation of one of the preselected switches, the wrist- "J^" ^^.^ multimode electronic timepiece having an 
watch may be further converted into a computer, a ^^^''optic display, an audible device, several manually 
speedometer, pulsometer or any other type of device ^^^"^.^^^ f ^ ? Programmable integrated 

which will perform calculations and display data, sub- ^.^^^^^^ programmed to keep time and to provide several 
ject only to the imagination of the designer and pro- 35 timepiece operating modes. The modes mclude a pace 
grammer of the mtegrated circuit. While in any of these ^^^^^^^ ^aid mtegrated circuit is programmed to 

modes, one or more manual switch actuators may be P^"^^ an operator to switch between modes m re- 
employed to enter information or to perform calcula- ^ponse to actuation of at least a first of said actuators, 
tions. One such appHcation, and one to which the pres- ^he integrated circuit is further programmed to accept 
ent invention applies, is a pace counting watch, which 40 ^."^ store information m memory m response to actua- 
counts and selectively beeps to provide a running pace, ^^^^ f ^^^^ * second of said actuators, to perform 
a walking pace, a cycling cadence and so forth. calculations thereon and to display' said information and 

Information from external sources other than the results of said calculations on said electroptic display, 
operator may also be entered into the wrist instrument, integrated ckcuit is further programmed to pro- 

and if this instrument includes a sensor which is capable 45 vide, upon actuation of at least a third of said actuators, 
of detecting an operating condition said information audible periodic electronic sounds produced by said 
may be entered automatically, without manipulation by audible device, wherein the frequency of said sounds 
the operator. Calculations involving speed and rate and varies proportionately to the value of a preselected pace 
other time variable information can be performed in of said operator. The improvement comprises means 
order to display useful information by using the time 50 responsive to first manual actuation of a selected actua- 
keeping circuit as a clock. For example, in U.S. Pat. No. tor coinciding with one footfall of the operator to com- 
4,887,249, issued Dec. 12, 1989 and assigned to the pres- mence a timing event, means responsive to second man- 
ent assignee, a bicycle watch is disclosed which is con- ual actuation of said selected actuator coinciding with a 
verted into an odometer or speedometer. One input to later footfall of the operator to terminate said timing 
the odometer formula is bicycle wheel diameter, which 55 event, program means to alter said preselected pace and 
is manually entered by the operator, and another is store an altered pace which is inversely proportional to 
revolutions per minute (rpm) of the bicycle wheel. The the time elapsed between first and second actuation of 
latter (rpm) is detected by a sensor, so that as the opera- said selected actuator, and means for displaying said 
tor speeds up or slows down, the rpm information sup- altered pace and causing said audible device to sound at 
plied for the calculation is constantly readjusted and so, 60 a rate equivalent to said altered pace, 
therefore, is the information displayed, ni? a WTMnQ 

Pacer or walker watches are known which provide DRAWINGS 
rhythmic beeps, the rate of which is preset by the opera- The subject matter which is regarded as the invention 
tor, and which are used to establish a walking or run- is particularly pointed out and distinctly claimed in the 
ning pace. When this preselected pace or cadence 65 concluding portion of the specification. The invention, 
"counting rate" usually expressed in steps per minute is however, both as to organization and method of prac- 
entered together with a preselected "stride" distance, tice, together with further objects and advantages 
the watch will calculate the distance covered by the thereof, may best be understood by reference to the 
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following description, taken in connection with the 
accompanying drawing, in which: 

FIG. 1 is a plan view of a multimode electronic wrist- 
watch in simplified form; 

FIG. 2 is a block diagram of a circuit for the wrist- S 
watch of FIG. 1, together with external components 
such as audible device, switches and display; 

FIG. 3 is a block diagram of a multimode wristwatch 
illustrating the basic sequence of modes which are dis- 
played in response to manually actuated switches; 10 

FIG. 4 is a detailed state diagram of an elapsed time 
mode with means to also display distance to be traveled 
during this elapsed time; 

FIG. 5 is a detailed state diagram explaining opera- 
tion of the pace display selection and stride calibration IS 
mode; 

FIG. 6 is a general state diagram showing audible 
pace confirmation and pace adjustment; and 

FIG. 7 is a detailed flow chart explaining operation of 
the audible pace confirmation and pace adjustnient 20 
program. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1 of the drawing, a multimode 25 
electronic wristwatch 1 includes a case 2 adapted to be 
held on the wrist by a strap, portions of which are seen 
at 3 and 4. The wristwatch case includes seven manual 



button type energy cell in the watch case. An audible 
sounding device serving as beeper and watch alarm is 
made up of a piezoelectric crystal 10, inductance coil 11 
and drive transistor 12. Two fixed external capacitors 
13, 14 combined with other circuit elements inside the 
integrated circuit 5 serve to boost the output voltage to 
drive LCD 15 through a display bus 16, which depicts 
multiple leads connected to the various actuatable seg- 
ments of the LCD display 15 (also shown in FIG. 1). 
Display 15 optionally may be arranged in close proxim- 
ity with, so as to be illuminated by, a lamp 17 when the 
lamp is lit by a switching signal from integrated circuit 
5 applied to the base of switching transistor 18. 

The following Table 1 shows a complete list of modes 
for time-of-day mode (TOD), chronograph mode 
(CHRONO), elapsed time mode (TIMER), pace mode 
(PACE) and alarm mode (ALARM). Column 1 identi- 
fies the manually actuated switches SI through S7 and 
columns 2 through 6 show the action taken when the. 
switch is actuated while in that particular mode. Col- 
umn 7 (SET) is a setting routine which is entered from 
selected modes by pressing a selected actuator, S4, as 
shown in columns 2, 4 and 6 of Table 1. Once in the 
SET routine, switches SI through S7 perform the indi- 
cated task shown in Column 7. The switch 36 initiates 
the pace confirmation and pace adjustment program 
from any of the display modes of colunuis 2 through 6. 

TABLE 1 



Col. I 


Col. 2 


Col. 3 


Col. 4 


Col. 5 


Col. 6 


Col. 7 


SWITCH 
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PACE 
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REV 
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CHECK 


CHECK 


CHECK 
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pushbutton actuators SI, S2, S3, S4, S5, S6, and S7 45 
arranged to close spring contacts (not shown) inside the 
watch case 2. An electroptic display 15, which is com- 
monly a liiquid crystal display (or LCD) displays digits, 
letters or other symbols when activated by a microcom- 
puter inside the watch in the form of m integrated 50 
circuit. 

Referring to FIG. 2 of the drawing, a schematic 
block diagram of the electrical connections is shown 
which is in accordance with conventional multimode 
electronic watch technology well known to those 55 
skilled in the art. A programmable microcomputer 5, in 
the form of a mask-progranmiable integrated circuit is 
bonded to a printed circuit board (not shown) and in- 
cludes suitable pin connections and leads connected to 
various external components shown in the diagram 60 
which are also mounted on the printed circuit board. 
The microcomputer includes a microprocessor, operat- 
ing system program for carrying out instructions, and 
addressable ROM and RAM memory locations. A 
quartz crystal 6 connected in circuit with capacitors 7 65 
and 8 and connected to the oscillator pins of the inte- 
grated circuit 5 provides a high-frequency time base. A 
battery power source 9 is provided in the form of a 



Referring now to FIG. 3 of the drawing, a block 
diagram of a multimode wristwatch illustrates the se- 
quence of modes or states displayed in response to man- 
ually actuating switches S1-S7 in accordance with 
Table 1. Each of the rectangles illustrates the appear- 
ance of the display when entering the particular mode 
illustrated. The decision block labeled "OR" represents 
optional alternate display choices for the "pace" mode 
display a will be explained. 

In. FIGS. 4 through 6 of the drawing, "state" dia- 
grams are shown for elapsed time mode, stride calibra- 
tion mode and pace adjustment mode, respectively. One 
of the rectangles in each figure illustrates the type of 
display shown on the electroptic display 15 when the 
instrument is in that state. The other rectangles in the 
figure represent various states in which corrections or 
changes of displayed information may be controlled by 
the operator. The instrument continues to operate under 
control of the particular subroutine of the program in 
the microcomputer chip until the instrument is placed 
into another state. Manipulation of the electronic wrist- 
watch to illuminate the display and carry out the vari- 
ous functions and capabilities is by selective actuation of 
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the manually actuated switches S1-S7. The well known expired, however, the display will revert to the "Chro- 

programming technique for determining whether the no/Timer" display. 

switches are opened or closed and taking appropriate If, instead, the instrument is in a mode other than 

action is through the operating system computer pro- elapsed time mode, the operator has four seconds in 

gram stored in the microcomputer memory, in which 5 which to either: 1) Restart the elapsed time by actuation 

each switch condition is tested during each complete of switch S7; 2) reset the timer to read "Chrono/Timer" 

interrogation cycle in a loop. If any switch is closed, the (FIG. 4) by actuation of switch S2; or 3) enter set mode 

program branches to a subroutine which initiates a by actuation of switch S4, enter a new countdown time, 

counter. The counter determines how long the switch and then exit set mode and restart the new set time by 
has been closed or, if the watch has entered another 10 manual actuation of switches S2 and S7, respectively, 

"state" how long it has been in that "state". (in the latter case the four second limitation does not 

FIG. 4 illustrates the detaUed operation of the instru- apply during set mode and therefore the four second 

ment while in the elapsed time mode. This mode enables , period does not begm until exiting set mode.) If either 

the operator to display through the manual actuation of no switches are actuated or the four second period has 

switches S1-S7, elapsed time as well as distance to be 15 elapsed, the original set time will be displayed, 

traveled The latter is dependent on the particular set Reference to FIG. 4 also shows that at any time when 

time and on the current set pace and stride length, and t^e instrument is displaying elapsed time mode, the 

Its setting is descnbed below. . . . . ^ operator may instead display distance to be traveled, by 

Specifically, the elapsed mode subro.utme is designed nianually actuating SI which will also actuate the lamp, 

to allow the operator to set the elapsed time m one 20 ^ ^^^^^^ ^^^^^^j^^ ^^^^^ instrument to 

minute increments to any predetermined length of time, ^, j Subsequent repeated actuation of 

not exceedmg 23 hours, 59 minutes and 59 seconds. T^^ Sl^^jjl ^^^^^ instrument to alternately display 

operator may do so by actuatmg manual actuator, S4, , , ^. j j- * * u * i j / 

I.* u -11 1 *' ♦ • * J elapsed time and distance to be traveled modes, 

which will place the timepiece in set mode, setting the ^ ^ * t-.t/^ c u *i. * *u j u 

desired elapsed time (Col 7) by advancing the digits 25 Reference to mO 5 shows tha the pace mode sub- 

(actuator SI or S6) or decrementing the digits (S2 or f 

S5), and then reentering the elapsed time mode by ''T mmutes per mde ("MM"); and 

pressing actuator S4 again. Entry from the timer set 21^'^^P^' i ^" >• ^^P'**"* Wal actuation of 

mode is shown in the upper left hand comer of FIG. 4. ^lU cycle the pace mode through these three dis- 

FIG. 4 illustrates the operation of the elapsed time 30 ^ ^ , , * , . . ^ . , 
mode. Upon actuation of a manual switch 37, the , FIG. 5 also shows the basic operation of stride cali- 
elapsed time subroutine is programmed to begin a bration mode. The stnde calibration mode allows the 
"countdown" starting from said predetermined length operator to enter his own stnde length which is, used in 
of time and continuing until reading 0 hours, 0 minutes calculations performed by the program, particulariy 
and 0 seconds (which will be displayed on electroptic 35 ^^^^ of travel m mmutes per mUe and miles per hour 
display 15 as "00:00.00"). Manual actuation of S7 a distance to be traveled (FIG.. 4). The 
second time win stop the "countdown" sequence, and integrated circuit program is designed to store in mem- 
subsequent repeated actuation of S7 will ultimately start °^y» certain constant conversion factors, including op- 
and stop this "countdown." When the timer is stopped orator stride length m feet ("FT") and inches ("IN") or 
during the "countdown" sequence, the operator may 40 centimeters ("CM"), the number of feet and inches and 
actuate actuator S2 one time to display last set tune, or centimeters in one mile and the number of minutes in 
two times to display "Chrono/Timer" (FIG. 4), and the hour, which are necessary to the aforementioned 
distance left to be traveled calculations. 

If the timer "countdown" sequence has been initiated An example of a calculation using the operator's 

and one half of the preset time has elapsed, the program 45 stride length is as follows: In order to calculate miles 

is designed so that the display 15 will show "HALF per hour, the program is designed to perform calcula- 
WAY" (FIG. 4) and, if armed, an alarm consisting of ' t»ons which multiply stride length, currentiy stored 

three long beeps will sound to inform the operator that pace (in steps per minute), and two conversion factors 

one half of the preset time has elapsed. This occurs (mile/5280 feet and 60 minutes/1 hour). Thus if the 

irrespective of which mode the instrument is currentiy 50 operator's stride were 3 feet, 6 inches, and his pace were 

in. Thus even if the instrument is in a mode other than 135 steps per minute, the program would calculate the 

elapsed time mode, the "HALF WAY" display will operator's rate of travel in miles per hour to be 5.4 

appear automatically at the appropriate time. Should- (FIG. 5). (That is, 3.5 feet/step X 135 step/minute X 1 

the operator at this point desire to alter the mode, he mile/5280 feet X 60 minutes/ 1 hour is equal to 5.4 when 

may do so by manual actuation of the appropriate 55 rounded off to the nearest tenths). Minutes per mile can 

switches as per Table 1. be calculated by taking the inverse of the product of 

If the "countdown" sequence is permitted to con- miles per hour and the conversion factor of 1 hour/60 

tinue, when the time reaches zero a ten second alarm minutes. 

will sound and the" electroptic display 15 will show Distance to be traveled can be similarly calculated by 
"00:00.00", again irrespective of what mode the watch 60 multiplying the present elapsed time (FIG. 4) by the 
was in when "zero" time was reached. Manual actua- currently stored pace in steps per minute (FIG. 5), oper- 
tion of any switch at this time will silence the alarm and ator's stride length, and a conversion factor of 1 mi- 
will cause the last set time to be displayed. (The latter le/5280 feet. Thus, for example, if elapsed time were 25 
will also occur when the ten second alarm time has minutes (FIG. 4), currently stored pace were 135 steps 
expired). If the instrument is in elapsed time mode, the 65 per minute (FIG. 5), and length of operator stride were 
operator has the option of actuating S2 to reset the time, " 3.5 feet per step^ (FIG. 5), the program would calculate 
or to restart the countdown by actuation of switch S7. the distance to be traveled as 2,2372 miles (FIG. 4). 
If this is not done before the 10 sec alarm period has (That is, 25 minutesxl35 steps/minute X 3.5 feet/- 
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stepxl mile/5280 feet is equal to 2.2372 miles when switch closure during this one depression determines 

rounded to the nearest ten-thousandths). the new or altered pace mode. 

The operator may enter calibriation mode by manu- The time elapsed between first and second actuation 

ally actuating S4 while in any of the three pace displays. is determined by the operator of the timepiece. The first 

The display will show calibration in feet and inches but 5 actuation when the operator's foot hits the ground com- 

the operator may instead display centimeters by actuat- mences a timing event. The second actuation when the 

ing S7. Again the program is designed to store as a operator's foot hits the ground again terminates the 

constant, the conversion factor of centimeters per mile. timing event. The program alters the previous prese- 

In either case, either SI or S6 will advance the display lected pace to calculate a new or altered pace and stores 

forward, while either S2 or S5 will decrement the dis- 10 it in memory in place of the previous preselected pace, 

play. The operator may exit the cabbration mode by As FIG. 7 shows, in order to set a new pace, the 

actuating S4 again in which case the display will be second actuation of S6 must occur before the incremen- 

retumed to the original pace display. tal counter has reached a count of 1 1 (FIG. 7) and the 

Reference to FIGS. 6 and 7 illustrate the general audible device has sounded a total of 10 confumation 
operation of the pace confirmation and adjustment pro- 15 beeps. If S6 is not actuated before the incremental 
gram which can be entered from any mode by manual counter has reached 1 1 or before 10 confirmation beeps, 
actuation of S6. FIG. 6 shows that the actuation of 56 the display is returned to that mode which was dis- 
the first time will cause the last pace mode to be dis- played before the first actuation of 86. 
played. Thus, for example, if the opei:ator viewed the Additionally, the second actuation of S6 must also 
pace mode in miles per hour, and had subsequently left 20 occur before four seconds have elapsed since the start- 
pace mode to view other modes, he would upon manual ing of interval timer. The function of the interval timer 
actuation of S6 be returned to the miles per hour pace is to reduce the time that the integrated circuit must 
mode display. The pace confirmation and adjustment wait for a second input, and thus serves to determine 
routine is illustrated generally by the blocks 19 and 20 of when the chip need no longer wait for a second actua- 
FIG. 6. 25 tion of 86. Therefore, as FIG. 7 shows, the program 

FIG. 7 is a flow chart explaining in more detail the will check the status of the interval timer, and if 86 is 
operation of the pace confirmation and adjustment pro- actuated a second time before the ten confirmation 
gram. More specifically, it explains how the operator beeps, but after 4 seconds have elapsed since the inter- 
may readily synchronize the pace which is set in the val timer was first started, then the interval timer is 
instrument with his own natural pace. 30 restarted and incremental "beep counter" reset, but no 

As stated previously, the first actuation of 86 will new pace is calculated, 

cause to be displayed whatever pace mode was last If the user actuates 86 a second time before the ten 

viewed by the operator. At the moment this pace is confirmation beeps and before 4 seconds have elapsed, a 

displayed, an interval timer and incremental counter are new pace is calculated as described above, and the dis- 

started and a preselected number of audible confirma- 35 play is updated to show the new pace. Additionally, a 

. tion beeps begins. The number of confirmation beeps is 0.5 second beep sounds to indicate that a new pace has 

any convenient number, but ten beeps are used in the been calculated. Once this new pace has been calcu- 

preferred embodiment. The confirmation beeps occur lated, a new set of confirmation beeps is produced by 

periodically at a rate equivalent to that preselected the alarm. 

operator pace that is currently being stored in pace 40 Finally, at any time after the confirmation mode has 

mode. been started, it can be cancelled by the actuation of any 

Thus if 60 steps per minute is currently stored in pace switch except SI and 86. 

mode, the beeps will occur one every second (i.e., 60 The programming steps necessary to carry out the 

steps/minute =1 step/second) for a total of ten beeps. flow chart steps illustrated in FIG. 7, so as to alter and 

Similarly, a pace display of 90 steps per minute will 45 store a previously selected pace and to subsequently 

correspond to a rate of three audible beeps every two perform calculations using this altered pace as previ- 

seconds(90steps/minute=3 steps/2 seconds) for a total "ously described are well within the scope of those 

of ten beeps, i.e., having a frequency proportional to the skilled in the programming art, and are readily incorpo- 

preselected operator pace. rated into the operating program of the integrated cir- 

Once the pace adjustment mode has been initiated by 50 cuit. 
the depression of 86, the operator must depress 86 a The term "state" and "mode" are used interchange- 
second time to calculate a new pace. Actuation of 86 ably herein and are not intended by way of limitation, 
operates a switch closure inside the timepiece which • While there has been described what is considered to 
remains closed only for as long as 86 is depressed. In the be the 'preferred embodiment of the invention, other 
disclosed invention the altered or new pace mode is 55 modifications will become known to those skilled in the 
determined by the time elapsed between the opening of art and it is desired to cover, in the appended claims, all 
the switch closure after the first depression or actuation such modifications as fall within the true spirit and 
of 86 and the closing of this switch closure upon the scope of the invention, 
second depression or actuation of 86. I claim: 

It is understood that it is well within the scope of the 60 1. Improvement in a multimode electronic timepiece 
invention, however, for the program to be designed so having an electroptic display, an audible device, a plu- 
that the new or altered pace mode is determined during rality of manually actuated actuators and a mask pro- 
one depression of S6; wherein first and second actuation grammable integrated circuit programmed to keep time 
of S6 respectively comprise the depression and release and to provide a plurality of timepiece operating modes 
of 86 by the operator. This depression and release in 65 including a pace mode, wherein said integrated circuit is 
turn correspond respectively to the closing and opening ' programmed to permit an operator to switch between 
of the switch closure during this one depression. The modes in response to actuation of at least a first of said 
time elapsed between the closing and opening of the actuators; said integrated circuit being further pro- 
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grammed to accept and store information in memory in 8. The improvement according to claim 5, wherein 

response to actuation of at least a second of said actua- said program means are adapted to provide for the 

tors, to perform calculations thereon and to display said checking of the status of said interval timer, and the 

information and results of said calculations on said elec resetting of said incremental counter and restarting of 

display; said integrated circuit being further pro- 5 said interval timer if the difference in time between first 

granmied to provide, upon actuation of at least a third and second actuation of said selected actuator exceeds a 

•of said actuators, audible periodic electronic sounds predetermined time to which said interval timer is set. 

produced by said audible device, wherein the frequency ^- The improvement according to claim 1, wherem 

of said sounds varies proportionately to the value of a said integrated circuit is programmed to perform calcu- 

preselected pace of said operator, and wherein said 10 lations and to display in said pace mode, a plurality of 

improvement comprises: states selected from the group consisting of: steps per 

means responsive to first manual actuation of a se- minute; minutes per mile; and miles per hour, 

lected actuator coinciding with one footfall of the - The improvement according to claim 9, wherein 

operator to commence a timing event; integrated circuit is programmed to aUow said 

means responsive to second manual actuation of said operator, while in said pace mode, to cycle said time- 

selected actuator coinciding with a later footfall of Pi^ce through said pluraUty of states in a preselected 

the operator to terminate said timing event; "^f^^"" through repeated manual actuation of one of 

program means to alter said preselected pace and said actuators. 

store an altered pace which is inversely propor- }}\ ^he improvement accordmg to claim 1, wherem 

tional to the time elapsed between first and second ^0 said mtegrated circuit is programmed to provide for a 

actuation of said selected actuator; and, calibration mode havmg means for stonng an operator 

means for displaying said altered pace and causing stnde length to display said value in response to actua- 

said audible device to sound at a rate equivalent to of one of said actuators and, whereby said operator 

said altered ace value of said length of operator stnde 

\ j'ii-<L-^25 through the actuation of one of said plurality of said 

2. The improvement according to claim 1, wherein at actuators 

least said selected actuator is a pushbutton which oper- * . ,i .,u^,^;„ 

. , , ... . V . . J 12. The improvement accordmg to claim 11, wherein 

ates switch closures inside said timepiece, wherem said ^^.^ i,,tegrated circuit is programed to allow said 

switch closures are closed only for so long as said push- ^^^^^^^^ alternately display said length of operator 

button IS depressed. , . . ^ . 30 stride in feet and inches or centimeters through the 

3 The improvement accordmg to claim 2, wherem ^^^^^^^^ of one of said actuators, 

said elapsed time compnses the time between the open- 13 ^he improvement according to claim 1, wherein 

mg of said switch closure after first actuation of said ^^^^ integrated circuit is programmed to provide for an 

selected actuator and the closing of said switch closure ^^de, and to count down from a prese- 

upon said second actuation of said selected actuator. 35 ig^ted time to continuously compute an elapsed time. 

4. The improvement accordmg to claim 2, wherem 14 jhe unprovement according to clahn 13, wherein 
said first and second actuation of said selected actuator g^id integrated circuit is programmed to store an opera- 
respectively comprise the manual depression and re- tor stride length and to perform calculations to compute 
lease of said selected actuator by said operator, wherein a distance to be traveled based on said elapsed time and 
said depression and release of said selected actuator 40 ^^id stride length. 

respectively correspond to the closing and opening of 15. The improvement according to claim 14, wherein 
said switch closure, and wherein said elapsed time com- said integrated circuit is programmed to allow an opera- 
prises the time between said opening and closing of said tor to alternately display said elapsed time and said 
switch closure. distance to be traveled through the repeated actuation 

5. The improvement according to claim 1, wherein 45 of one of said actuators. 

said program means include an interval timer and incre- 16, The improvement according to claim 13, wherein 

mental counter. said integrated circuit is programmed to automatically 

6. The improvement according to claim 5, wherein place said timepiece in said elapsed time mode at prese- 
said program means are adapted to cause said audible lected times after said elapsed time mode has been inid- 
device to produce a preselected number of sounds at a 50 ated. 

rate which varies proportionately to the pace value 17. The improvement according to claim 16, wherein 

which is being currently stored in said pace mode. said timepiece is placed in said elapsed time mode at a 

7. The improvement according to claim 5, wherein time that is one half of said preselected time to which 
said program means are adapted to provide for the said operator has set said elapsed time mode and 
return from a currently displayed mode to the mode last S5 wherein said electroptic display includes an indicia 
displayed before actuation of said selected actuator, if representing half of the distance to be traveled, and 
said selected actuator is not actuated within a predeter- having means to actuate said indicia. 

mined count on said incremental counter. ♦ * » * » 
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ABSTRACT 



A pace calculation device including an oscillator and a 
frequency divider used for timing puiposes, an amplifier and 
a speaker for generating a signal sound, and a CPU for 
performing an operation. Hmes taken for a runner to run any 
first distance twice each at a different pace to the signal 
sound are measured. The CPU draws a relation between a 
pace and a run time on the basis of data on two different 
paces at each of which the runner run the first distance and 
data on the run times taken for the runner to run. A run time 
taken for the runner to run at any pace any second distance 
which the runner should run in a target run time is measured. 
The CPU calculates a pace at which the runner runs the 
second distance in the target run time on the basis of the 
relation, data on the pace at which the runner nm the second 
distance, and the run time taken for that run. The speaker 
generates a signal sound on the basis of data on the pace 
calculated by the CPU. 

18 Claims, 13 Drawing Sheets 
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PACE CALCULATION DEVICES 
BACKGROUX^ OF THE INVENTION 

1. Field of the Invention ^ 
The present invention relates to pace calculation devices 

which deterraine a pace at which a person moves, for 
example, by walking or running. 

2. Description of the Related Art 

Generally, it is an important element that a runner runs 10 
while keeping his pace in a marathon or a long distance (for 
example, 10 km) running race in athletic sports. A runner 
participating in such a long distance running race can use a 
pace maker in his exercise. 

The pace maker generates a signal such as a sound at 
given periods to the rumier. The runner is able to run to the 
signal to keep his own pace. 

Conventionally, a wrist watch having the function of 
generating a signal sound at a given period is known as a 
pace maker, which can change the period of the generated 
signal sound so as to match with a pace which the runner 
desires. When the runner runs, he wears this pace maker on 
his wrist. 

However, the conventional pace maker has only the 25 
function of changing the period of generating a signal sound. 
Therefore, for example, it cannot be used in a manner in 
which, for example, a target run time taken for a runner to 
run any distance beforehand is determined and a pace 
appropriate for run of that distance in accordance with the 
target run time is set. 

In tins case, in order to obtain a pace p (for example, the 
number of steps per minute) at which the runner runs a 
course of a distance d in a target run time t, data items on the 
step w of the runner, distance d and target run time t are input 35 
to the device and the pace p is then required to be calculated 
in accordance with the following relation: 



Since the conventional pace makers have no such func- 
tion, they cannot be used in a manner in which a pace 
appropriate for run of any distance in accordance with the 
target run time is set, as mentioned above. 

Even if a pace maker is provided which is capable of 
obtaining a pace p by calculation such as is mentioned 
above, the number of data items to be set is large and the 
operation for keying in those data items is troublesome. 

Some data items to set are unclear imless tiiey are mea- 
sured beforehand; for example, a distance a runner's step. 
Those data items are troublesome to prepare. If the prepared 
data items are inaccurate, a pace to be obtained would 
involve an eixor, disadvantageously. When the runner runs a 
course of an unclear distance, necessary data cannot be 
obtained so that the pace cannot be calculated and such 
function cannot be used at all. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a pace calculation device for calculating a pace (the number 
of steps per given time) at which a person moves through 
any distance by running or walking in accordance with a 
target movement lime. 

It is another object of the present invention to provide a 65 
pace calculation device for calculating a pace at which a 
person moves in accordance with a target movement time 



2 

even in a course of an unclear distance without setting 
distance data. 

It is still another object of the present invention to provide 
a pace calculation device convenient to use anywhere with- 
out requiring to set data difficult to recognize accurately such 
as data on the distance of a course which a person moves and 
his step at which he moves, and capable of obtaining apace 
at which the person moves through any distance in accor- 
dance with an accurate target movement tijne. 

It is a further object of the present invention to provide a 
pace calculation device capable of calculating a pace at 
which the person moves through any distance in accordance 
with a target movement time by a simple input operation. 

In order to achieve the above objects, the present inven- 
tion provides a pace calculation device comprising: 

first storage means for storing data on a plurality of 
different paces at each of which a person moves tiirough any 
first distance and data on a like number of different times 
each taken for the person to move through the first distance 
at a respective one of the paces; 

second storage means for storing data on any pace at 
which the person moved through any second distance and 
data on a time taken for the person to move through the 
second distance; 

third storage means for storing data on a target movement 
time taken for the person to move through the second 
distance at any pace; and 

calculating means for calculating a pace at which the 
person moves tiirough the second distance in the target 
movement time, based on data on which is stored in the tfaiid 
storage means, on the basis of the data on a plurality of paces 
and the data on a like number of movement times stored in 
first storage means, and the data on the pace and data on the 
movement time stored in the second storage means. 

According to the inventive device having the above 
structure, data on a plurality of paces at each of which the 
person moves through the first distance (for example, of a 
test course through which the person moves for setting 
necessary data) and data on the corresponding plurality of 
movement times each taken for the movement are stored. 
The calculating means calculates a pace at which the person 
moves through the second distance (for example, of a real 
course which the person desires to run for exercising pur- 
poses) in the target movement time even when the step of die 
runner and the distance of the course are not set Since no 
data on the accurate distance of a course which is difficult to 
recognize numerically m many cases is required, the device 
is easy to use and to calculate an accurate pace. This device 
is usable even when the distance of the course is unknown, 
and is not limited in use to a course of a known distance. 

In order to achieve the above objects, the present inven- 
tion provides a pace calculation device comprising: 

first input means for inputting to the device data on a 
plurality of different paces at each of which a person moves 
through any first distance and data on a pace at which tiie 
person moves through any second distance; 

second inputting means for inputting to the device data on 
a taiget movement time in which the person moves through 
the second distance at any pace; 

timekeeping means for measuring movement times taken 
for the person to move through the first and second distances 
on the basis of the data on the respective paces inputted by 
the first inputting means to provide data on the movement 
times; 

storage means for storing the data on a plurality of paces 
inputted by die first inputting means, the data on a target 
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movement time inputted by the second inputting means, the 
data on the movement times provided by the timekeeping 
means; 

calculating means for drawing a relation between a pace 
and a movement time on the basis of the data on the 
movement times and the data on the paces for the movement 
of the person through the first distance, and calculating from 
the relation a pace at which the person moves through the 
second distance in the target movement time, based on data 
on which is inputted by the second input means; and 

sounding means for generating a signal sound conespond- 
ing to the pace calculated by calculating means. 

In the inventive calculation device having such structure, 
the input means input data on paces in the &si distance (for 
example, of a test course) and data on a pace in the second 
distance (for example, in a real course) and data on a target 
movement time for the second distance. The timekeeping 
means measures the times taken for the person to move 
through the first and second distances. The storage means 
stores those data on the measured times. The calculating 
means obtains the relation between the pace and movement 
time, and data on the pace in the target movement time on 
the basis of the relation and the data on a target movement 
time inputted by the input means and stored in the storage 
means. 

Tlius, even when the distance of a course which the 
person moves in the target movement time is unknown, data 
on a pace at which the person moves in the target time is 
easily obtained, and the inventive device is usable in any 
place where the user desires. The inventive device elimi- 
nates the need for setting data, troublesome to deal with, 
such as data on the distance of a course and the person's 
step, so that it can easily be used by anybody to provide data 
on an accurate pace for the person. 

In order to achieve the above objects, the present inven- 
tion provides a pace calculation device comprising: 

pedometer means for detectiong the number of steps taken 
for a person to move through any first distance at each of a 
plurality of different paces and the number of steps taken for 
the person to move through any second distance at any pace; 

timekeeping means for measuring the times taken for the 
person to move through the respective first and second 
distances when the respective numbers of steps are detected 
by said pedometer means; 

input means for inputting to the device data on a taiget 
movement time taken for the person to move through tiie 
second distance; 

first calculating means for calculating a plurality of paces 
at each of which the person moved through the first distance 
and a pace at which the person moved through the second 
distance on the basis of data on Uie numbers of steps 
obtained from said pedometer means and data on the move- 
ment times obtained from the timekeeping means; 

storage means for storing data on the plurality of paces 
obtained from the first calculating means, data on the target 
movement time inputted by the input means, and data on the 
plurality of movement times obtained from the timekeeping 
means; 

second calculating means for drawing a relation between 
a pace and a movement time on tiie basis of data on the 
plurality of paces and data on the plurality of movement 
times taken for the person to move through the first distance 
stored in said storage means, and calculating from the 
relation a pace at which the person moves through the 65 
second distance in the target movement time, based on data 
on which is input by said second input means; and 
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sounding, means for generating a signal sound in corre- 
spondence to tiie pace calculated by the second calculating 
means. 

In the inventive calculation device having such structure, 
the number-of-steps detecting means detects the numbers of 
steps taken for the person to move through any first distance 
(for example, of a test course) and any second distance (for 
example, of areal course). The timekeeping means measures 
the times taken for the person to move through those 
distances. The first calculating means calculates data on 
paces on the basis of those data items on the numbers of 
steps and the times taken for the person to move through the 
first and second distances. The storage means stores data on 
the paces calculated by tiie first calculating means and data 
on the target movement times inputted by the input means. 
The second calculating means obtains a relation between a 
pace and a movement time, and obtains data on a pace for 
the person to move through the second distance in the target 
movement time on the basis of data on the target movement 
time stored in the storage means. 

Thus, even when the distance of a course through which 
the person moves in the target movement tune is unknown, 
data on a pace at which the person moves in the target 
movement time is obtained easily. The inventive device is 
usable in any place where the person desires to use it and 
eliminates the need for setting data troublesome to deal with, 
such as data on the distance of a course and the runner' s step, 
so that the inventive device is easily usable to provide data 
on an accurate pace. 

Since the first calculating means calculates a pace on the 
basis of the numbers of steps detected by tiie number-of- 
steps detecting means and tiie times taken for the movement 
is measured by the timekeeping means, no data on the pace 
is required to be input and set. Thus, tiie inventive device is 
simple to operate and very convenient to use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram indicative of the basic structure 
of a first embodiment of a pace calculation device according 
to the present invention; 

FIG. 2 shows the structure of a memory area of the pace 
calculation device of the first embodiment; 

FIG. 3 illustrates a process for changing a mode in the 
pace calculation device; 

FIG. 4 is a flowchart indicative of a pace calculation 
method performed by the pace calculation device; 

FIG. 5 illustrates apace calculation method performed by 
the pace calculation device; 

FIG. 6 illustrates a key response process performed in 
response to the depression of a key in the pace calculation 
device; 

FIG. 7 is a flowchart indicative of an interrupt process 
performed in response to an interrupt occurring in the pace 
calculation device; 

FIG. 8 is a block diagram indicative of the basic structure 
of a second embodiment of the pace calculation device 
according to the present invention; 

FIG. 9 shows the structure of a memory area in the pace 
calculation device of tiie second embodiment; 

FIG. 10 illustrates a process for changing a mode in the 
pace calculation device of the second embodiment; 

FIG. 11 is a flowchart indicative of a pace calculation 
method performed by the pace calculation device of tiie 
second embodiment; 
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FIG. 12 illustrates a key response process performed in 
response to the depression of a key in the pace calculation 
device of the second embodiment; and 

FIG. 13 is a flowchart indicative of an interrupt process 
performed in response to an interrapt occurring in the pace 5 
calculation device of the second embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
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First Embodiment 



A first embodiment of a pace calculation device according 
to the present invention will be described below. The pace 
calculation device of this embodiment is incorporated into 
an electronic wrist watch and has the function of calculating 
a pace as well as displaying the time as a wrist watch. 

FIG. 1 is a block diagram indicative of the basic structure 
of the pace calculation device of the first embodiment. As 
shown in FIG. 1, the pace calculation device mcludes an 20 
oscillator 1 and a frequency divider 2 which cooperate to 
output a pulse signal of a predetermined period; a central 
processing unit (CPU) 3 which records the current time, 
measures elapsed time and calculates a pace (to be described 
later) on the basis of a pulse signal from the divider 2; a read 25 
only memory (ROM) 4 which stores a program for control- 
ling the operation of the CPU 3; a random access memory 
(RAM) 5 which stores data; an amplifier 6 and a speaker 7 
which cooperate to amplify a pace signal from the CPU 3 
and output as a signal sound; a display driver 8 and a display 30 
9 which cooperate to display the time, pace and elapsed 
time; and a key-in unit 10 which keys in data and changes 
a mode, as will be described later. 

The oscillator 1 uses a well-known crystal resonator 
which generates a signal of a frequency, for example, of 35 
32,768 Hz, depending on an oscillatory frequency iriherent 
in the resonator. 

The frequency divider 2 divides a signal from the oscil- 
lator 1 to obtain a signal of a reduced frequency and, in this 
embodhnent, a signal of 32 Hz, which is then fed to the CPU 40 
3. 

As shown m FIG. 2, the RAM 5 includes a display register 
area 5a which stores data to be displayed on the display 9; 
a tunekeeping register area 5b which stores data on elapsed 
time correspondmg to a signal received from the divider 2; 
an area 5c which stores displayed mode changing flags M, 
F, N, L and Q (described later); and a time register TO area 
5d which stores data on a time measured by a stopwatch. 

The RAM 5 includes a first test run pace data PI area Se 
which stores data on a runner pace PI in a first test run to be 
described; a first test run time Tl area 5/ which stores data 
on a time Tl taken in the first test run; a second test run pace 
P2 area 5g which stores data on a rurmer pace P2 in a second 
test run to be described later; a second test run time T2 area 
5h which stores data on a time T2 taken in the second test 
run. 

In the present embodiment, the pace is meant by the 
number of runner steps per given time, more particularly, 
minute, taken when the runner ran. The test run time is go 
meant by a time taken for the runner to run (or move 
through) a test distance. 

In a pace-test run time relation to be described in more 
detail later, the RAM 5 includes an area 5/ which stores a 
coefficient a; an area 5j which stores a constant b; a third test 65 
run pace P3 area Sk which stores data on a pace P3 had in 
the third test run; a third test run time T3 area Sm which 
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Stores data on a test time T3 taken in the third test run; a 
target run time T4 area Sn which stores data on a target mn 
time T4 aimed at when he runs any distance and keyed in by 
the key-in unit 10; an area Sp which stores data on a pace P4 
calculated by the CPU 3 and at which pace the runner runs 
in the target run time; and an area 5^ which stores data on 
a flag S indicative of the start to stop of a stopwatch function 
to measure the first-third test run times. 

The display 9 includes a well-known liquid crystal one 
which is driven by the display driver 8 which receives data 
on the time, pace and test run time from the CPU 3 to display 
the data, as shown in FIG. 3. 

As shown in FIG. 3, the pictures displayed on the display 
9 include a clock display mode picture A, a first test ran 
mode picture B, a second test ran mode picture C, a third test 
run mode time measuring picture D and a pace setting 
picture E, and a real mode target run time setting picture H 
and a pace display picture G. 

The key-in unit 10 is composed of first-sixth key switches 
SI, S2, S3, S4, S5 and S6 each of which outputs a key switch 
on/off signal with the first-third key switches S1-S3 each 
being used for changing a mode. 

The fourth key switch S4 is used for keying in data on a 
pace or a target run time numerically. Each time the fourth 
key switch S4 is depressed to turn on the same, the numeri- 
cal value input increases. When the numerical value reaches 
a predetermined one, it is reset to 0, like a key switch used 
to key in a numerical value in a well-known digital clock. 

The fifth key switch S5 is used to start/stop the stopwatch 
function of the pace calculation device. 

The sixth key switch S6 is used to clear data on the time 
measured by the stopwatch. 

The CPU 3 has the functions of displaying the time and 
measuring the elapsed time on the basis of a signa] from the 
frequency divider 2; processing a signal from the key-in unit 
10; and calculating a pace at which the runner runs any 
distance in a target run time. 

A process for calculation of a pace by the present pace 
calculation device will be described with respect to FIGS. 
3-5. 

When die values of the flags M and F are 0, die CPU 3 is 
in a tune display (dock) mode. As shown in the clock mode 
picture A of FIG. 3, the display 9 displays the current time, 
date, and day of the week (step Al of FIG. 4). 

When a pace at which the rarmer runs any distance in the 
target run time is to be calculated, ih& value of the flag F is 
set at 1 by a signal indicative of the tuming-on operation of 
the second key switch S2 at die key-in unit 10 to change the 
operation of die CPU 3 from tiiat in the clock mode to that 
in the test run mode (first or second test ran mode) at step 
A2. 

In die test run mode, a pace in the first mode test ran is 
set and a test ran time in which the raimer rans any distance 

X at the pace is measured (step A3). 

The ranner keys in pace data by the fourth key switch S4 
to set the pace. As shown in the first test run picture B of 
FIG. 3, die pace is set, for example, at 190 steps/minute. The 
pace data PI is stored in the first pace PI memory area Se 
of the RAM 5 of FIG. 2. The CPU 3 outputs a pace signal 
to the amplifier 6 on the basis of the pace data and the 
speaker 7 generates a signal sound at periods of 190 steps/ 
minute. 

As shown in FIG. 5, the ranner rans a course X having any 
distance x at a pace corresponding to the signal sound. At die 
start of the course X, the ranner depresses the fifth key 
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switch S5 to start the stopwatch function and starts to run the 
course to the signal sound. The runner then stops the 
stopwatch function by depression of the fifth key switch S5 
again at the end point of the course X to measure the test run 
time for the course X. The test run time data obtained in this 
measurement is stored in the first test run time Tl area 5/ of 
the RAM 5. Assume now that the first run time taken is 21 
seconds. 

By the depression of the third key switch S3 in the test run 
mode, the runner changes the picture from the first test run 
picture B of FIG. 3 to the second test run picture C and sets 
a pace in a second test run and measures the test run time 
taken for the runner to run any distance x of the course X' 
are at the set pace as in the first test run (step A4). 

Data on the pace set in the second test run is stored in the 
second pace P2 area Sg of the RAM 5 of FIG. 2 while data 
on the second test run time taken for this test run is stoied 
in the second test run time T2 area Sk of the RAM 5. 

Assume now that the pace set in the second test run was 
120 steps/minute and the test run time was 46 seconds. 

The test run distance in the second test run is required to 
be the same distance x as that in ±e first test run and the 
runner preferably makes a second test run in the same course 
X as that in the first test run. The pace set for the second test 
run is required to be different from the pace in the first test 
run. 

The CPU 3 employs the following as a relation between 
a pace and test run time taken when the runner runs each of 
the courses X and X' having a distance x and calculates a 
coef&cient a and a constant b of the relation: 



10 



15 



20 



25 



30 



The runner then depresses the third key switch S3 to 
change the picture to the third test run mode time measuring 
picture D. The runner then depresses the fifth key switch S5 
to fulfill the stopwatch function to measure the test run time 
by making a test run in the course Y. The data on the test run 
time T3 obtained in this measurement is stored in the third 
test run time T3 area Sm of the RAM 5 (step A6). 

In this case, assume that the pace set for the third test run 
is 180 steps/minute and the test run is 50 seconds. 

Substituting "180" of the pace into the relation. 



180=-2.8r+248.8. 



Thus, 



T=24,57. 

The test run time taken for the runner to run the distance 
X at the pace of 180 steps/minute is obtained as 24.57 
seconds from the above expression. 

The Turmer then depresses the first key switch SI to 
change the picture to the real mode tai;get run time setting 
picture H and keys in target run time data with the fourth key 
switch S4. The taiget run time data is stored in the target run 
time T4 area 5n of the RAM 5 (step A7). 

The runner then depresses the third key switch S3 to 
change the picture to the real run mode pace display picture 
G to cause the CPU 3 to calculate the test run time taken for 
the ruimer to run the distance x at the target pace from the 
ratio of the target test run time (60 seconds) to the third test 
run time (50 seconds): 



where P is the pace and T is the test run time. 

The data on the paces set in the first and second test runs 35 
and data on the measured test run times are substituted into 
the pace P and test run time T, respectively, to establish the Tims, 
following simultaneous equations and the coefficient a and 
b are calculated: 



60:5a=T:24.57. 



40 



T=29.484. 



l9Q=21a+b 



120=46fl+fc 



The result of solution of the simultaneous equations is 
a^2.8 and b=248.8, which are then substimted into die 
simultaneous equations to thereby bring about the following 
relation: 
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50 



The coefScient a and constant b of the above relation are 
stored in the memory areas 5i and Sj, respectively, of the 
RAM 5. This relation is inherent in the runner who made ±e 
first and second test mns. 

Next, a third test run is made. A course Y for the third test 
run is required to have the same distance y as that in the 
course Y' which the runner should run in a set target nm time 
and is preferably the same course as Y' . 

The pace employed in the third test run is set as in the first 
and second test runs. First, the runner depresses the first key 
switch SI and then the third key switch S3 to change the 
picture to the pace setting picture E in the tiiird test run mode 
of FIG. 3. The key switch S4 is then depressed to key in a 65 
desired pace data value, which is then stored in the third test 
run pace P3 area Sk of the RAM 5 (step A5). 
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Since the test run time taken for the runner to run the 
distance x at the same pace at which the nmner runs the 
distance y in the target run time of 60 seconds has been 
obtained, the test run time is substituted iiito the above 
relation to obtain the pace P as follows: 



i>=-2.8x29.484+248,8=166.24. 

The pace P obtained is the one as the runner runs the 
distance x and which is the same pace at which the runner 
runs the distance y in the target run time of 60 seconds. Thus, 
by running the distance y at a similar pace, tiie target run 
time of 60 seconds is achieved. 

Thus, the pace P^l 66.24 is a one calculated for die runner 
to run a course Y' having the distance y in the set target run 
time and displayed on the pace display picture G of FIG. 3 
(step A8). 

In order to obtain the calculated pace, it is necessary that 
the first and second test run distances should be the same and 
that the third test run distance should be the same as the real 
run distance in the set real target run time, but no data on the 
respective course distances is required to be keyed in. 

When the calculated pace is obtained, data on the calcu- 
lated pace is stored in die calculated pace P4 area Sp of the 
RAM 5. The CPU 3 outputs a pace signal indicative of the 
calculated pace through the amplifier 6 to the speaker 7, 
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which generates a signal sound indicative of a pace of 166 
steps/minute for the runner to run in the target run time of 
60 seconds. Thus, the runner is able to run the course Y' to 
the signal sound to thereby run the course in a time similar 
to the target run time. 5 

The operation of the CPU 3 on the basis of the key-in 
operation at the key-in unit 10, and the mode and display 
picture changing operations will be described with respect to 
the flowchart of FIGS. 6 and 7. 

First, the flags M, F, N, L, Q which change coiresponding lo 
modes in response to key-in signals and the stopwatch 
function flag S will be described. 

The flags M, F, N, L, Q each are used for changing the 
picture of the display 9 and will be described with respect to 
HG. 3. 15 

The flag M is used to change the respective clock mode 
(picture A), first test run mode (picture B) and second test 
run mode (picture C), third test run mode (pictures D, E) and 
real run mode (pictures H, G). The respective modes are 
assigned 0, 1 and 2 as the values of the flag M. 20 

The flag F is used to change the picture from the clock 
mode (picture A) to the first and second test modes (pictures 
B, C) and vice versa when the flag M is 0. In the clock mode, 
F is 0; and in the first and second test run modes (pictures 
B, C). F=l. 25 

The flag N is used to change the picture firom one of the 
first and second test modes (pictures B and C,) to the other 
and vice versa when the flag M=0 and the flag F=l. In the 
first test mn mode (picture B), N=0 while in the second test 
run mode (picture C), N=l. 30 

The flag L changes the picture fi-om the test run time 
measuring picture D to the pace setting picture E and vice 
versa when the flag M=l or in the third test run mode 
(picture D, E). In the test run time measuring picture D, the 
flag L=0 while in the pace setting picture E, the flag L=l. 35 

The flag Q changes the picture from the target run time 
setting picture H to the pace displaying picture G and vice 
versa when the flag M=2 or in the real run mode (pictures H, 
G). In the target run time setting picture H, the flag (J=0 
while in the pace setting picture G, the flag Q=L 40 

When each key is depressed, the CPU 3 starts a key 
response process. First, when the first key switch SI is 
depressed (step Bl), the CPU adds one to the value of the 
flag M to terminate the process (step B2). When the flag M 
is 3, the flag M is set at 0, 45 

When the second key switch S2 is depressed (step B3), 
the CPU 3 determines whether the value of the flag M is 0 
(step B4). When the value of flag M is other than 0, the CPU 
3 terminates the process. If the value of the flag M is 0, the 
CPU 3 determines whether the value of the flag F is 0 (step 50 
B5). If so, the CPU 3 sets the flag F at 1 (step B6), When the 
value of the flag F has akeady been 1, the CPU 3 reUims the 
value of the flag F to 0 (step B7) and calculates the 
coefficient a and constant b of the relation P=aT+b by 
regarding the first and second test runs as completed and 55 
hence the two pace data items and corresponding test run 
time data items as input (step B8). 

When the third key switch S3 is depressed (step B9), the 
CPU 3 determines whether the value of the flag M is 0 (step 
BIO). 60 

If so, the CPU 3 further determines whether the value of 
the flag F is 1 (step Bll). If not, the CPU 3 terminates the 
process whereas when the value of the flag F is 1, the CPU 
3 determines whether the value of the flag N is 0 (step B12). 
If so, the CPU 3 sets 1 in the flag N to put the picture of the 65 
display 9 and the process of the CPU 3 ui the second test run 
mode (step B13). If the value of the flag N is 1, the CPU 3 



sets 0 in the flag N to put the picture of the display 9 and the 
process of the CPU 3 in the first test run mode (step B14). 

If the flag M is other than 0, the CPU 3 determines 
whether the value of the flag M is 1 (step B15). If so, the 
picture of the display 9 and the process of the CPU 3 are in 
the third test run mode. Thus, the CPU 3 then determines 
whether the value of the flag L is 0 (step B16). If so, the CPU 
3 sets 1 in the flag L to change the picture of the display 9 
and the process of the CPU 3 from the time measuring 
picture D to the pace setting picmre E in the third test mn 
mode (step B17). If the value of the flag L is 1, the CPU 3 
sets 0 in the flag L to change the picture of the display 9 and 
the process of the CPU 3 from the pace setting picture E to 
the time measuring picture D (step B18). 

When the value of the flag M is neither 0 nor 1, or if the 
value of the flag M is 2, the picture of the display 9 and the 
process of the CPU 3 are in the real run mode. Thus, the 
CPU 3 determines whether the value of the flag Q is 0 (step 
B19). If so, the CPU 3 terminates the third test mn process 
and determines that the third test mn pace data and test run 
time data have been input and that the target run time data 
has been input. The CPU 3 thus sets 1 in the flag Q and 
changes the picture of the display 9 and the process of the 
CPU 3 from the target run time setting picture H to the pace 
display picture G in the real run mode (step B20), calculates 
the pace and display it on the display 9 (step B21), 

When the value of the flag Q is other than 0, the value of 
the flag Q is set at 0, and the picture of the display 9 and the 
process of the CPU 3 are changed from those in the pace 
calculating mode to those in the target run time inputting 
mode to terminate the key response process (step B22). 

When the fourth key switch S4 is depressed (step B23), a 
numerical value for setting a pace is keyed in when the 
picture of the display 9 and the process of the CPU 3 are in 
any one of the first-third test run modes (M=0 or 1) while a 
numerical value for setting a target run time is input in the 
real run mode (M=2)(step B24). 

When the fifth key switch S5 is depressed (step B25), the 
CPU 3 first determines whether the value of the flag M is 0 
and the value of the flag F is 1 (step B26). If so, the CPU 3 
determines whether the value of the flag S is 1 (step B27) 
and then whether the value of the flag N is 0 (step B28). 

When the value of the flag N is 0, the first test run mode 
has been employed. Thus, the CPU 3 performs the process 
in the first test run mode. If the flag S is other than 1, that 
is, if S is 0, the stopwatch function has been stopped. Ilius, 
the CPU 3 sets 1 in the flag S to start ±e stopwatch function 
(to count up the value of the time register TO of the RAM 5 
one by one at intervals of V^2 seconds in accordance with a 
signal from the fi-equency divider 2) and terminates the key 
response process (step B29). 

When the flag S is 1, the stopwatch fimction has been 
already opemted. Thus, the CPU 3 sets 0 in the flag S to stop 
the stopwatch function (step B30), and stores the time 
register TO data, stored in the memory area Sd of the RAM 
5, in the first test run time Tl area 5/ of the RAM 5 and 
terminates the key response process (step B31). 

When the flag N is 1, the second test run mode has been 
employed. Thus, the CPU 3 sets 0 in the flag S (step B32) 
and performs a process in the second test run mode similar 
to that in the first test run mode. The data stored in the time 
register TO area Sd of the RAM 5 is stored in the second test 
run time T2 area Sk of the RAM 5 (step B33). 

When the value of the flag M is not 0 and the value of the 
flag F is not 1 either, the CPU 3 determines whether the 
value of the flag M is 1 and the value of the flag L is 0 (step 
B34). If the value of the flag M is not 1 and the value of the 
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flag L is not 0, the CPU 3 terminates the process. When the 
value of the flag M is 1 and the value of the flag L is 0, the 
CPU 3 determines whether the value of the flag S is 1 (step 
B35) to perform the process in the third test run mode. 

When the value of the flag S is not 1 , the CPU 3 sets 1 in 5 
the flag S to start the stopwatch function (step B29) to 
measure a test run time in the third test run. When the value 
of the flag S is 1, the stopwatch function has been operated. 
Thus, the CPU 3 sets 0 in the flag S to stop the stopwatch 
function (step B36), stores time register TO data, stored in lO 
the memory area 5d of the RAM 5, as data on a third run test 
run time in the third test run time T3 area 5m of the RAM 
5 to thereby terminate the key response process (step B37). 

When the depressed key is not any of the first-fifth key 
switches S1-S5, the sixth key switch S6 has been operated, is 
Thus, the time data measured by the stopwatch function is 
cleared or the data value in the time register TO of the RAM 
5 is reset to 0 to terminate the process (step B38). 

First, the whole operation of the pace calculation device 
of this embodiment having the clock function will be 20 
described below with respect to the flowchart of FIG. 7. 

First, when timing signals are input from the divider 2 at 
intervals of V32 seconds to the CPU 3 which is in the halt 
state (step CI), the CPU 3 performs a clocking process 
which sequentially records the time in a well-known manner 25 
(step C2). The CPU 3 then determines whether the flag S 
indicative of the start/stop of the stopwatch fiinction is 1 
(step C3). If so, or when the stopwatch function is in 
operation, the CPU 3 counts up the time register TO value by 
one in response to a signal generated from the frequency 30 
divider 2 at an interval of 1^2 seconds (step C4). 

A sounding process for generation of 3 signal sound (step 
C5) starts. In this process, a signal sound is generated in 
correspondence to a pace set in the first-third test run modes 
or calculated in the real run mode. Each time the time 35 
indicative of the pace duration has passed, the CPU 3 
ou^uts a pace signal to the amplifier 6, and the speaker 7 
hence generates a signal sound conesponding to the pace 
signal. 

A numerical value changed due to a lapse of time and the 40 
operation of the stopwatch function is displayed on the 
display 9 (step C6). 

When a signal from the key-in unit 10 is input to the CPU 
3 which is in the halt state (step CI), the key-in response 
operation is performed as an interrupt process and the 45 
corresponding mode is displayed on the display 9 (step C7). 

According to this pace calculation device, the runner 
makes a test run at a preset pace to draw a relation inherent 
in the runner between pace and test run time to calculate a 
pace corresponding to a target run time. 50 

By making a test run through each of the courses X and 
X' of the same distance x, the relation is obtained and 
especially no data on the distance of the courses X and X' is 
required to be input. The first and second test runs in the 
same course X do not require the distance of the course X 55 
to be known as on a ground for athletic sports and the 
relation can be obtained for any regular running course. 

A runner makes a third test run along a course Y having 
the same distance as a course Y' which the runner should run 
in a target run time; a set pace in the thiid test run is 60 
introduced into the relation to obtain a test run time at the set 
pace in the third test run in the distance x of the first and 
second test runs; the test run time is multiplied by the ratio 
of the target run time to the third test run time to calculate 
a time taken for the runner to run the distance x at a pace at 65 
which the runner runs a distance y in the target run time; and 
data on this time is substimted into the relation to obtain a 
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pace at which the runner runs the distance y in the target run 

time. 

The distance x of the first and second test run courses to 
obtain the above relation is not required to be the same as the 
distance y for a run in the target run time. Once the relation 
is obtained for one runner, a pace at which the runner runs 
in a target run time in each of a plurality of courses each 
having a difTerent distance can be calculated by using the 
relation and causing the runner to make a third test run only 
once in that course. 

Even when a second target run time is set and a corre- 
sponding pace is calculated in a course different from that 
for which the first target run time is set first, no data on the 
distance of the second course is required to be input 

Thus, according to the pace calculation device of this 
embodiment, a pace corresponding to a target run time is 
easily calculated even in a course whose distance is not 
known. Once the expression is obtained, a pace correspond- 
ing to a target run time is more easily calculated in each of 
a plurality of courses each having a different distance. 

Since no data on the distance of a course and the length 
of a runner step is required to be set, the device is easily used 
anywhere and a pace is calculated accurately. Thus, pace 
data is only required to be input in a test run and target run 
time data is required to be input in a real run, so that the 
key-in operation is simple and the device is easy to use. 

Second Embodiment 

A second embodunent of the pace calculation device 
according to the present invention will be described with 
reference to the drawings. This pace calculation device is 
incorporated into an electronic w^st watch like the pace 
calculation device of the first embodiment. 

The pace calculation device of this second embodiment is 
different from ±at of the first embodiment in that the former 
automatically sets a runner pace for the runner at the start of 
each of first-third test runs whereas the latter sets a runner 
pace in accordance with data keyed in from the key-in unit 
10 in each of the first-third test runs. To this end, the pace 
calculation device of the second embodiment has the frinc- 
tions of detecting the number of runner steps in the first-third 
test runs and calculating a runner pace in each of the 
first-third test runs on the basis of the detected number of 
steps. 

The pace calculation device of the second embodiment is 
similar to the pace calculation device of the first embodi- 
ment in that predetermined data is obtained in the first-third 
test runs to obtain a relation and a pace is obtained in a real 
run for which the target time is determined from the relation. 

FIG. 8 is a block diagram indicative.of the basic structure 
of the pace calculation device of the second embodiment. In 
FIG. 8, reference numeral 101 denotes an oscillator; 102, a 
frequency divider; 103, a CPU; 104, a ROM; 105, a RAM; 
106, an amplifier; 107, a speaker; 108, a display driver; 109, 
a display; 110, a key-in unit; 111, a pedometer. Those 
elements of the second embodiment are the same in structure 
as those of the first embodiment except for the pedometer 
HI 

As shown in FIG. 8, the pedometer 111 is composed of an 
acceleration sensor 112, a waveform shaper 113 and a 
counter 114. The acceleration sensor 112 is a well-known 
one, which is composed, for example, of a plate-like piezo- 
electric element fixed at one end in a casing and having two 
leads, one attached to each of tiie opposite surfaces of the 
plate-like piezoelectric element. When vibrations due to 
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walking or miming are applied to the acceleration sensor 
112, the piezoelectric element vibrate in a direction perpen- 
dicular to the surfaces thereof to produce pulsating voltages, 
which are obtained from the leads attached to the opposite 
surfaces of the elements for sensing purposes. 5 

The wavefonn shaper 113 shapes the pulsating wave- 
forms obtained from the acceleration sensor 112 to output a 
square pulse signal. The wavefonn shaper 113 is composed 
of a low pass filter, an ampHfier and an operational amplifier 
(not shown). In the wavefonn shaper 113, high frequency 
components of a signal from the acceleration sensor 112 are 
filtered out and the filtered signal is output through the 
amphfier to the operational amplifier, which outputs an 
accurate pulse signal conesponding to walking and running 
to the counter 114. 

The counter 114 counts pulse signals from the waveform 
shaper 113 and outputs the result of the counting to the CPU 
103. 

During detection of the number of steps in the test run 
mode, the pulse signal fiom the waveform shaper 113 is 20 
input to the CPU 103, which feeds a pace signal correspond- 
ing to the pulse signal to the amplifier 106 such that the 
speaker 107 outputs a signal sound corresponding to the 
pulse signal from the waveform shaper 113 or to the number 
of runner's steps, 

FIG. 9 shows the structure of the RAM 105. In HG. 9, 
reference numeral 105a denotes a display register area 
which stores data displayed on the display 109; 105b, a 
timekeeping register area which stores data on lapsed time 
corresponding to the input signal from the frequency divider 
102; 105c, an area which stores display mode changing flags 
M', F', N', Q' to be described later; 1054 a time register T'O 
wMch stores data on the time measured by a stopwatch 
function; 105c, a first test run pace P'l area which stores data 
on a pace in the first test run; 105/ a first test run time T'l 
area which stores data on a test run time taken in the first test 35 
run; lOSg, a second test run pace P'2 area which stores data 
on a pace in the second test run; lOSh, a second test run time 
T2 area which stores data on die test ran time taken in the 
second test run. 

In the present embodiment, the pace is meant by the 
number of runner steps per given time, more particularly, 
minute, at which the runner runs. The test time is meant by 
a time taken for the ruimer to run a test distance. 

In the pace-test run time relation to be described later, 
reference numerals 105i and 105/ denote an area which 
stores a coefficient a' and an area which stores a constant b', 
respectively; 105t a third test run pace P'3 area which stores 
data on a pace in a third test ran; and 105/w, a third test ran 
time T'3 area which stores data on a test time taken m the 
third test ran. 

Reference numerals 105n> 105p and 105^ denote first, 
second and third numbers-of-steps PEl. PE2, and PE3 areas 
which store corresponding data items on the numbers of 
steps detected by the pedometer 111 in the first-third test 
runs, respectively. 

Reference numeral lOiSr denotes a target ran time T'4 area 
which stores data on a target ran time keyed in by the key 
in unit 110; 1055, a calculated pace P'4 area which stores 
data on a pace calculated by the CPU 103 and at which the £o 
runner rans in the target run time; and 105/, an area which 
stores data on a flag S' indicative of the start to stop of the 
stopwatch function to measure each of the ran times taken 
in the first-third test runs and of the function of detectmg the 
number of steps taken for the ranner to ran. ^5 

The first test ran pace PI area lOSe, second test nm pace 
F2 area 105g and test run pace P'3 area 105jfc store data items 
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on the paces in the first, second and tJurd test rans calculated 
by the CPU 103 on the basis of data items on the numbers 
of steps PEl, PE2, PE3 stored in the first, second and third 
test ran numbers-of-steps PEl, PE2 and PE3 areas 105n, 
105p and 105^ and data items on the first, second and third 
test ran times stored in the first, second and third test ran 
time T'l, T2 and T3 areas 105/ IQSh and 105m, respec- 
tively. 

As shown in FIG. 10, the pictures displayed on the display 
109 include a clock display mode picture A', a first test run 
mode picture B', a second test run mode picture C, a third 
test run mode timekeeping picture D', a real run mode target 
run time setting pictare H' and a pace display picture G'. 

The key-in unit 110 is composed of first-sixth key 
switches SI, S'2, S'3, S'4, S'5 and S'6 each of which outputs 
a key switch ofi/ofif signal with first-thu:d key switches 
S'l-S'3 each being used for changing a mode. 

The fourth key switch S'4 is used for keying in numerical 
data on a target ran time. Each time the fourth key switch S'4 
is depressed to be turned on, the numerical value input 
increases until the numerical value reaches a predetermined 
one, whereupon it is reset to 0, like a key switch used to key 
in a numerical value into a well-known digital clock. 

The fifth key switch S'5 is used to start/stop the stopwatch 
function and pedometer function of the pace calculation 
device. 

The sixth key switch S'6 is used to clear the data measured 
and detected by the stopwatch function and pedometer 
function. 

The CPU 103 has the functions of recording and measur- 
ing the time and elapsed time on the basis of a signal from 
the frequency divider 102, processmg data keyed in from the 
key-in unit 110, and calculating runner's paces in the first- 
third test nms and a pace at which the runner runs any 
distance m a target ran time. 

A process for calculating a pace by the pace calculation 
device of the second embodiment will be described with 
respect to the flowchart of FIG. 11 and FIGS. 10 and 5. 

When the values of the fags M' and F' are 0, the CPU 103 
is in the time display (clock) mode. As shown in the clock 
mode picture A' of FIG. 10, the display 109 displays the 
current time, date, and day of die week (step Dl of FIG. 11). 

When a pace at which tiie ranner rans any distance in the 
target ran time is to be calculated, the flag F' is set at 1 by 
an on signal from the second key switch S'2 at the key-in 
unit 110 to change the process of the CPU 103 from that in 
the clock mode to that in a test run mode (first and second 
test run modes) at step D2. 

In the test ran mode the number of steps taken for the 
ranner to ran a course X of any distance x m the first mode 
test run is detected and a test run time taken for the runner 
to ran that course X at a given pace is measured. A pace for 
the first test run is calculated on the basis of the detected 
number of steps and the measured test ran time (step D3). 

Data on the number of steps counted in the first test ran 
is displayed on the first test run mode number-of-steps 
detecting pictore B' of FIG. 10. Both tiie number-of-steps 
detecting function and the stopwatch function are started 
simultaneously by the depression of the fifth key switch S'5 
when the first test run starts. However, the time measured by 
the stopwatch is not displayed on the display. 

When the pedometer function starts, die pedometer 111 
generates a voltage waveform depending on the number of 
steps of the runner and feeds to the CPU 103 a pulse signal 
composed of a shaped version of the voltage waveform. In 
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P'=aT-¥b' 

where P' is the pace and T' is the test run time. 

The data on the paces and on the test times obtained in the 
first and second test run are substituted into the pace P' and 
test run time T' to establish die following simultaneous 
equations and then calculates the coefiScient a' and constant 
b': 
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response to the pulse signal, the CPU 103 outputs a pace 
signal to the amplifier 106, and hence the speaker 107 
generates a signal sound accordingly. As shown in FIG. 5, 
the runner starts to mn a course X of a distance x to the 
signal sound. When the runner ends running the course X, he 
again depresses the fifth key switch S'5 to stop the stopwatch 
function and the number of steps detecting function. Thus, 
data on the total number of steps taken in the first test run 
through the course X counted by the counter 114 is sent to 
the CPU 103 and stored in the first test run number-of-steps 
PEl area lOSw of the RAM 105. Data on the test run time 
stored in the time register T'O is stored in the first test run 
timeTl area 105/of the RAM 105. The CPU 103 calculates 
a pace in the first test run on the basis of those data items and 
stores data on the calculated pace in a first test run pace PI 
area 105e of the RAM 105. 

Assume now that, for example, the detected number of 
steps is 66 and the measured test mn time is 20 seconds. 
Thus, the pace is, for example, 198 steps/minute. 

It is important that the runner nms any distance x at a 20 
given pace in the first test run. This applies in the second and 
third test runs. The runner can adjust his pace to a signal 
sound from the speaker 107, as mentioned above. 

By the depression of the third key switch S'3 in the test 
run mode, the picture is changed from the first test run 25 
picture B' of FIG. 10 to the second test run C. As in the first 
test run, the number of steps required when the runner runs 
a course X' of any distance x in the second test run is 
detected and the time taken for the runner to run the distance 
X at a fixed pace is measured, and a pace in the second test 30 
run is calculated on the basis of the detected number of steps 
and the measured test run time, as in the first run (step D4). 

Data on the number of steps detected in the second test 
run is stored in the second number of steps PE2 area lOSp 
of the RAM 105 while data on the test run time is stored in 
the second test run time T'2 area 105/i of the RAM 105. The 
CPU 103 calculates a pace in the second test run on the basis 
of those data items and stores data on the calculated pace in 
a second pace P'2 area 105g of the RAM 105. 

Assume now that the number of steps taken is 92, the test 
run time taken is 46 seconds and the calculated pace is 120 
steps/minute, as the result of the second test mn. 

The test run distance in the second test run is required to 
be the same distance x as that in the first test run and the 
runner preferably makes a second test run in the same course 
X as in the first test run. The pace set for the second test run 
is required to be different from the pace in the first test run. 

The CPU 103 employs the following as the relation 
between a pace which the runner had and a test run time so 
taken for the runner to run when the runner runs each of the 
courses X and X' of a distance x, and calculates a coefficient 
a' and a constant b' of the relation: 
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As the result of solution of the simultaneous equations, 
a'=3-3 and b'=258, and the relation is given as 



The coefficient a' and constant b' of the above relation are 
stored in the memory areas 105i and 105j, respectively, of 
the RAM 105, respectively. This relation is inherent in the 
runner who made the first and second test runs. 

Next, the runner makes a third test run. The first key 
switch S'l is depressed to change the picture on the display 
to a third test run mode timekeeping picture D' of FIG. 10. 
Under such conditions, tiie runner depresses the fifth key 
switch S'5 at the starting and ending points of a course Y of 
a distance y to start and stop the stopwatch and number-of- 
steps detecting ftinctions simultaneously to thereby detect 
and measure the number of steps and test mn time, respec- 
tively, taken when the runner runs the course Y at a given 
pace in the third test nm, in a manner similar to those in the 
first and second test runs. A pace in the third test run is then 
calculated on the basis of the detected number of steps and 
the measured test run time (step D5). 

By depression of, the fifth key switch S*5 in the third test 
run mode timekeeping picture D* of FIG. 10, the measured 
time is displayed on the display. At this time, the detected 
number of steps taken is not displayed on the display, but the 
number of steps is detected simultaneously by depression of 
the fifth key switch S'5 on the timekeeping picture D', 

The data on the number of steps measured in the third test 
nm is then stored m the third number-of-steps PE3 area 105^ 
of the RAM 105 and data on the test run time is stored in the 
third test run time T'3 area 105m of tiie RAM 105. The CPU 
103 calculates a pace in the tiiird test run on tiie basis of 
those data items and stores data on the calculated pace in the 
third test run pace P'3 memory area lOSit of the RAM 105. 

In this case, assume that the number of steps taken is 150, 
the test run time taken is 50 seconds and the pace is 180 
steps/minute as the result of the third test run. 

Substimting "180" of the pace into the relation, 



iao=-3r+258. 



60 



Thus, 



T'=26. 

The test run time taken for die runner to run the distance 
X at the pace of 180 steps/minute is 26 seconds, as obtained 
from the above relation. 

The first key switch SI is then depressed to change the 
picture to the real mode target run time setting picture H', 
and the fourth key switch S'4 is depressed to key in data on 
a target run time taken for the runner to run a course Y' of 
the same distance y as that in the third test run (step D6). 

Data on the target run time is stored in a target run time 
T'4 area 105r of the RAM 105. 

The third key switch S3 is then depressed to change the 
picture to the real run mode pace display picture G' and the 
test run time taken for the runner to run the distance x at the 
target pace is calculated from the ratio of the third test run 
time (SO seconds] to the target test run time (60 seconds): 



198=20fl'+i7' 
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e0:50=7";26. 



120=46fl'+6'. 



hius. 
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T'=31.2. 



Since the test time taken for the runner to run the distance 
X at the same pace as the ninner runs the distance y in the ^ 
target run time of 60 seconds has been obtained, the test run 
time is substituted into the above relation to obtain the pace 
P': 
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/>?=-3x31.2+258=164.4. 



The pace P' obtained is a one at which the nmner runs the 
distance x and is the same pace at which the runner runs the 
distance y in the target run time of 60 seconds. Thus, by 
running the distance y at the same as the pace P', the taiget 
run time of 60 seconds is achieved. 

Thus, the pace P =164.4 is a one calculated to run a course 
Y' of a distance y for which the target run time is set, and is 
displayed on the pace display picture G' of FIG. 10 (step 
D7). 20 

In order to obtain the calculated pace, it is necessary that 
the first and second test run distances are the same and that 
the third test run distance is the same as the real run distance 
for which the real target run time is set, but data on the 
respective course distances is not required to be keyed in. 23 

When the calculated pace is obtained, data on the calcu- 
lated pace is stored in the calculated pace P'4 area 105^ of 
the RAM 105. The CPU 103 outputs a pace signal indicative 
of the calculated pace through the aimphfier 106 to the 
speaker 107, which generates a signal sound indicative of a 30 
pace of 164 steps/minute at which the rurmer runs in the 
target run time of 60 seconds. Thus, the ruimer is able to run 
the course Y' to the signal sound to thereby run the course 
in a time close to the target run time. 

A process responsive to the key-in operation at the key-in 35 
unit 110, the mode changing operation and the display 
picture changing operation, performed actually by the CPU 
103, will be described with respect to the flowcharts of 
HGS. 12 and 13. 

First, the flags M', F, N' and Q' which change the modes 40 
in response to keyed-in data and the stopwatch and pedom- 
eter function flag S' will be described. 

The flags M', F', N' and Q' each are also used for changing 
the picture of the display 109 and will be described with 
respect to FIG. 10. 45 

The flag M' is used to change the respective clock mode 
(picture A'); flrst test run mode (picture B') and second test 
run mode (picture C); third test run mode (picture D"); and 
real run mode (pictures H', G'). The respective modes are 
assigned 0, 1 and 2 as the value of the flag M'. 50 

The flag F' is used to change the picture from the clock 
mode (picture A') to the fiirst and second test modes (pictures 
B', C) and vice versa when the value of the flag M' is 0. In 
the clock mode, the value of the flag F is 0; and in the first 
and second test run modes (pictures B', C), the value of the 55 
flagF'=l. 

The flag N' is used to change the picture from one of the 
first and second test modes (pictures B' and C) to the other 
and vice versa when the value of the flag M'=0 and the value 
of the flag F=l. In the first test run mode (picture B'), N*=0 60 
while in the second test run mode (picture C), N'=l. 

The flag Q' is used to change the picture from the target 
run time setting picture H' to the pace displaying picture G' 
and vice versa in the real run moide when the flag M =2 or 
in the real run mode (picture H*, G'). In the target run time 65 
setting picture H', the value of the flag Q'=0 while in the pace 
displaying picture G', the value of the flag Q=l. 



When each key is depressed, the CPU 103 starts a key 
response process. First, when the first key switch SI is 
depressed (step El), the CPU 103 determines whether the 
value of the flag M' is 0 (step E2). If so, the CPU 103 sets 
1 in the flag M' to put the picture of the display 109 and the 
process of the CPU 103 in the third test run mode (step E3). 
If the value of the flag M' is other than 0, the CPU 103 adds 
one to the value of the flag M' to terminate the process (step 
E4). When the value of the flag M' reaches 3, the value of 
the flag M' is set at 0. 

When the second key switch S'2 is depressed (step E5), 
the CPU 103 determines whether the value of the flag M' is 
0 (step E6). When the value of the flag M' is other than 0, 
the CPU 103 terminates the process. If the value of the flag 
M' is 0, the CPU 103 determines whether the value of the 
flag F' is 0 (step E7). If so, the CPU 103 sets 1 in the flag F' 
(step E8). If the value of the flag F is 1 , the CPU 103 returns 
the value of the flag F' to 0 (step E9) and calculates the 
coeflScient a' and constant b' of the relation P=aT'+b' by 
regarding the first and second test runs as completed and 
hence the two pace data items and test run time data items 
as obtained (step ElO). 

When the third key switch S'3 is depressed (step Ell), the 
CPU 103 determines whether the value of the flag M' is 0 
(step E12). 

If so, the CPU 103 further determines whether the value 
of the flag F is 1 (step E13). If not, the CPU 103 terminates 
the process. If the value of the flag F is 1, the CPU 103 
determines whether the value of the flag N' is 0 (step E14). 
If so, the CPU 103 sets 1 in the flag N' and puts the picture 
of the display 109 and the process of the CPU 103 in the 
second test run mode (step E15). If the value of the flag 
is 1, the CPU 103 sets 0 in the N' and puts the picture of the 
display 109 and the process of the CPU 103 in the first test 
run mode (step E16). 

If the value of the flag M' is other than 0, the CPU 103 
determines whether the value of the flag M' is 1 (step E17). 
If so, the CPU 103 terminates the process. 

If the value of the flag M' is other than 0 or 1 , or the value 
of the flag M' is 2, the picture of the display 109 and the 
process of the CPU 103 are in the real run mode. Thus, the 
CPU 103 determines whether the value of the flag Q' is 0 
(step £18). If so, the CPU 103 determines that the third test 
run has ended and determines that pace data and test run 
time data in the thud test run have been set or input and that 
target run time data has been input, sets 1 ui the flag Q' to 
change the picture of the display 10^ and the process of the 
CPU 103 from the taxget run time settmg picture H' to the 
pace displaying picture G' in the actual run mode (step E19), 
calculates flie pace and displays it on the display IC^ (step 
E20). 

If the value of the flag Q' is other than 0, the CPU 103 sets 
0 in the flag Q' to change the picture of the display 109 and 
the process of the CPU 103 from the pace calculating mode 
to the target run time inputting mode to thereby terminate the 
process (step E21). 

When the fourdi key switch S'4 is depressed (step E22), 
a numerical value for settmg a target run time is input when 
the picture of the display 109 and the process of the CPU 103 
are in the real run mode (M'=2) (step E23). 

When the fifih key switch S'5 is depressed (step E24), the 
CPU 103 first determines whether the value of the flag M' is 
0 and the value of the flag F' is 1 (step E25). If so, the CPU 
103 determines whether the value of the flag S' is 1 (step 
£26) and then whether the value of the flag is 0 (step 
E27). 

When the value of the flag N' is 0, the first test run mode 
has been employed Thus, the CPU 103 performs a process 
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in the first test run mode. If the value of the flag S' is other 
than 1, that is, 0, the stopwatch function has been stopped. 
Thus, the CPU 103 sets 1 in the flag S' to start the stopwatch 
function which includes counting up the value of the time 
register T'O of the RAM 105 in accordance with a signal 5 
from the frequency divider 102 one by one at intervals of ^32 
seconds, and terminates the key response process (step E28). 

When the flag S' is 1, the stopwatch funcdon and number- 
of-steps detecting function have been already operated. 
Thus, the CPU 103 sets 0 in the flag S' to stop the stopwatch 10 
function and the number-of-steps detecting function (step 
E29), stores data in the time register T'O as data on a first test 
run time in the first test run time T'l area of the RAM 105, 
stores count data on the number of steps in the counter 114 
of the pedometer 111 as data on the number-of-steps in the 15 
first test run number-of-steps PEl area lOS/i of the RAM 
105, calculates a pace P'Ol on the basis of those stored data 
items on the nunier of steps and test run time, and stores 
data on the calculated pace P'Ol in the first test run pace PI 
area 105^ of the RAM 105 and terminates the process (step 20 
E30). 

When the value of the flag N* is 1, the second test run 
mode has been employed. Thus, the CPU sets 0 in the flag 
S' (step E31) and performs a process in a second test run 
mode similar to that in the first test run mode. The CPU 103 25 
stores data in the time register T'O as data on a second test 
run time in the second test run time T'2 area 105/z of the 
RAM 105 and also stores count data on the number of steps 
in the counter 114 of the pedometer 111 as data on the 
number-of-steps in the second test run number-of-steps PE2 30 
area lOSp of the RAM 105, calculates a pace P'02 on the 
basis of those stored data items on the nuinber of steps and 
the test run time, stores it in the second test run pace P'2 area 
I05g of the RAM 105, and terniinates the process (step 
E32). 35 

When the value of the flag M' is not 0 and the flag F is 
not 1 either, the CPU 103 determines whether the value of 
the flag M' is 1 (step E33). If the value of the flag M" is other 
than 1 or 0, the CPU 103 terminates the process. When the 
flag M* is 1, the CPU 103 determines whether the value of 40 
the flag S' is 1 (step E34) to perform a process in the third 
test run mode. 

When the value of the flag S' is not 1, the CPU 103 sets 
1 in the flag S' to start the stopwatch function and the 
number-of-steps detecting function (step E28) to measure a 45 
test run time and detect the number of steps in the third test 
run. When the value of the flag S' is 1, the CPU 103 sets 0 
in the flag S' to stop the stopwatch function and the number- 
of-steps detecting function to terminate the measurement of 
the test run time and the detection of the number of steps in 50 
the third test run (step E35), Thus, the CPU 103 stores data 
on the time register T'O as data on a third run time in the third 
test run time T3 area lOSw of the RAM 105, stores count 
data on the number of steps in the counter 114 of the 
pedometer 111 as count data on the number of steps in the 55 
number-of-steps PE3 area 105^ of the RAM 105, calculates 
a pace P'03 on the basis of those stored data items on the 
number of steps and test run time and stores it in the third 
test run pace P3 area IQSk of the RAM 105 and terminates 
the process (step E36). 60 

When the depressed key is not any of the first-fifth key 
switches Sl'-S5', the sixth key switch S6' has been operated. 
Thus, the CPU 103 clears the data in the time register T'O of 
the RAM 105, and data on the first-third test run numbers of 
steps PE1~PE3 in the areas 105n-105^, and also clears the 65 
data in the counter 114 of the padometer 111 to terminate the 
process (step E37). 
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Referring next to the flowchart of HG. 13, the whole 
operation of the pace calculation device of this embodiment 
having the clock function will be described below. 

First, when timing signals are input from the divider 102 
at intervals of V32 seconds to the CPU 103 which is in the 
halt state (step PI), the CPU 103 performs a clocking 
process which records the time subsequently in a well- 
known manner (step F2). The CPU 103 then determines 
whether the value of the flag S' indicative of the start/stop of 
the stopwatch function is 1 (step F3). If so, or when the 
stopwatch function is in operation, the CPU 103 counts up 
the value of the time register T'O by one in response to a 
signal generated ftom the frequency divider 102 at an 
interval of V&2 seconds (step F4). 

A sounding process for generation of a signal sound (step 
F5) starts. In tMs process, a signal sound is generated in each 
of the first-third test runs and the real run. Each time a period 
of time indicative of the pace calculated in the real run mode 
has passed in the real run, the CPU 103 outputs a pace signal 
to the amplifier 106 and the speaker 107 generates a corre- 
sponding signal' sound, in the first-third test runs, a pulse 
signal based on a detection signal from the acceleration 
sensor 112 of the pedometer 111 is input to the CPU 103 and 
hence the speaker 107 outputs a signal sound correspond- 
ingly. 

A numerical value changed due to a lapse of time or the 
operation of the stopwatch function is displayed on the 
display 109 (step F6). 

When a signal from the key-in unit 10 is input to the CPU 
103 which is in the halt state (step Fl), the CPU 103 
performs the key response operation as an intemipt process 
and displays the corresponding mode on the display 109 
(step FT). 

Thus, according to the pace calculation device of the 
second embodiment, a pace corresponding to a taiget run 
time is easily calculated even for a course whose distance is 
unknown, as in the first embodiment. Once a pace-target 
time relation inherent in the mrmer is obtained, a pace is 
easily calculated which conesponds to a taiget run time for 
each of a plurality of courses each having a different 
distance. 

Since no data on the distance of a course and a ruimer step 
is required to be set, the device is easily used anywhere to 
calculate an accurate pace. 

According to the pace calculation device of the second 
embodiment, the number of runner steps is detected by the 
pedometer in each of the first-third test runs, and a pace in 
each of the first-tiiird test runs is calculated on die basis of 
tiie detected number of steps in tiiat test run. Thus, pace data 
is not required to be keyed in as is in the pace calculation 
device of the first embodiment. Target run time data is only 
required to be keyed in, so that the data key-in operation is 
simpler. Thus, the pace calculation device of the second 
embodiment is easier to use than in the pace calculation 
device of the first embodiment. 

The pace calculation devices according to the present 
invention are usable not only in the case of the running for 
which the embodiments have been illustrated, but also in the 
case of walking and jogging. 

What is claimed is: 

1. A pace calculation device comprising: 

first storage means for storing data on a plurality of 
different paces at each of which a person moves 
through any first distance and data on a like number of 
different times each taken for the person to move 
through the first distance at a respective one of the 
paces; 
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second storage means for storing data on any pace at 
which the person moved through any second distance 
and data on a time taken for the person to move through 
the second distance; 

third storage means for storing data on a target movement 5 
time taken for the person to move through the second 
distance at any pace; and 

calculating means for calculating a pace at which the 
person moves through the second distance in the tai^et 
movement time, based on data on which is stored in lo 
said third storage means, on the basis of the data on a 
plurality of paces and the data on a like number of 
movement times stored in said first storage means, and 
the data on the pace and data on the movement time 
stored in said second storage means. ^5 

2. A pace calculation device according to claim 1, wherein 
the data on the pace includes data on the number of steps per 
minute. 

3. A pace calculation device comprising: 

first input means for inputting to the device data on a 20 
plurality of difierent paces at each of which a person 
moves through any first distance and data on a pace at 
which the person moves through any second distance; 

second inputting means for inputting to the device data on 
a target movement time in which the person moves ^5 
through the second distance at any pace; 

timekeeping means for measuring movement times taken 
for the person to move through the first and second 
distances on the basis of the data on the respective 
paces inputted by said first inputtuag means to provide 
data on the movement times; 

storage means for storing the data on a plurality of paces 
inputted by said first inputting means, the data on a 
target movement time inputted by said second inputting 
means the data on the movement times provided by 
said timekeeping means; 

calculating means for drawing a relation between a pace 
and a movement time on the basis of the data on the 
movement times and the data on the paces for the 40 
movement of the person through the first distance, and 
calculating from the relation a pace at which the person 
moves through the second distance in the target move- 
ment time, based on data on which is inputted by said 
second input means; and 43 

sounding means for generating a signal sound correspond- 
ing to the pace calculated by said calculating means. 

4. Apace calculation device according to claim 3, wherein 
said calculating means obtains a relation inherent in the 
person on the basis of data on at least two movement times 50 
each taken for the person to move through the first distance 
and stored in said storage means and data on at least two 
paces of the person involved in the measurement of the 
movement times. 

5. A pace calculation device according to claim 3 or 4, 55 
wherein said calculating means calculates a pace required 
.for the person to move through the second distance in the 
target movement time, data on which is stored in said storage 
means, on the basis of the relation and data on the time 
movement and data on the pace for movement of the person 60 
through die second distance stored in said storage means. 

6. A pace calculation device according to claim 3 or 4, 
wherein the movement of the person through each of the first 
and second distances comprises a run. 

7. A pace calculation device according to claim 3 or 4, 65 
wherein die data on the pace comprises data on the number 
of steps per nnttnute. 
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8. A pace calculation device according to claim 3 or 4, 
wherein said timekeeping means comprises a stopwatch. 

9. A pace calculation device according to claim 3 or 4, 
wherein said sounding means generates a signal sound 
corresponding to data on the pace calculated by said calcu- 
lating means and a signal sound corresponding to data on the 
pace inputted by said first input means. 

10. A pace calculation device according to claim 3 or 4, 
further comprising display means for displaying the value of 
the pace calculated by said calculating means. 

11. A pace calculation device comprising: 
pedometer means for detecting the number of steps taken 

for a person to move through any first distance at each 
of a plurality of different paces and the number of steps 
taken for die person to move through any second 
distance at any pace; 

timekeeping means for measuring tiie times taken for the 
person to move through the respective first and second 
distances when the respective numbers of steps are 
detected by said pedometer means; 

input means for inputting to device data on a target 
movement time taken for the person to move through 
the second distance; 

first calculating means for calculating a plurality of paces 
at each of which the person moved through die first 
distance and a pace at which the person moved through 
the second distance on the basis of data on the numbers 
of steps obtained from said pedometer means and data 
on the movement times obtained from said timekeeping 
means; 

storage means for storing data on the plurality of paces 
obtained firom said first calculating means, data on the 
target movement time inputted by said input means, 
and data on the plurality of movement times obtained 
from said timekeeping means; 

second calculating means for drawing a relation between 
a pace and a movement time on the basis of data on the 
plurality of paces and data on the plurality of move- 
ment times taken for the person to move through the 
first distance stored in said storage means, and calcu- 
lating from tiie relation a pace at which die person 
moves Uirough die second distance in the target move- 
ment time, based on data on which is input by said 
second input means; and 

sounding means for generating a signal sound in coire- 
spondence to the pace calculated by said second cal- 
culating means. 

12. A pace calculation device according to claim 11, 
wherein said second calculating means obtains a relation 
inherent in the person on the basis of data on at least two 
movement times each taken for the person to move through 
the first distance and stored in said storage means and data 
on at least two paces of the person involved in the measure- 
ment of the movement times. 

13. Apace calculation device according to claim 11 or 12, 
wherein said second calculating means calculates a pace 
required for the person to move through the second distance 
in the target movement time, data on which is stored in said 
storage means, on the basis of the relation and data on die 
time movement and data on the pace for movement of the 
person through the second distance stored in said storage 
means. 

14. A pace calculation device according to claim 11 or 12, 
wherein the movement of the person through each of the first 
and second distances comprises a run. 

15. Apace calculation device according to claim 11 or 12, 
wherein the data on the pace comprises data on the number 
of steps per minute. 
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16. Apace calculation device according to claim 11 or 12, 
wherein said timekeeping means comprises a stopwatch. 

17. Apace calculation device according to claim 11 or 12, 
wherein said sounding means generates a signal sound 
corresponding to data on the pace calculated by said second 
calculating means and a signal sound corresponding to the 
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pace at which the person moves when said pedometer means 
detects the number of steps taken. 

18. Apace calculation device according to claim 11 or 12, 
further comprising display means for displaying the value of 
the pace calculated by said second calculating means. 
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ABSTRACT 



Described herein is a system for transferring a binary data 
stream in a serial edge-based transmission format between a 
computer and a portable device such as the Timex® Data- 
Link''^ watch. In the edge-based format expected by the 
Data-Link™ watch, individual data bits have first and sec- 
ond binary values which are represented by the presence or 
absence of signal edges at mark times which occur at a 
pre-selected bit rate. The system includes a computer having 
a digital output line which can be turned on and off by the 
computer at any time. The computer also has an internal 
timer which is programmed to generate timing signals at a 
frequency which is an integer multiple n of the pre-selected 
bit rate. An LED is operably connected to the digital output 
line so that the computer can switch the LED on and off at 
any time through the digital output line. An application 
program runs on the computer. The application program 
monitors the timing signals to transmit individual data bits 
of the binary data stream at corresponding n^^ timing signals. 
Specifically, the application program turns the LED on to 
create an optical signal edge at a particular n''' timing signal 
if and only if the data bit corresponding to said particular a^^ 
timing signal has a *0' value. The application program then 
monitors the timing signals to turn the LED back off at an 
intermediate timing signal which occurs after said particular 
n*'* timing signal but before the next n'^ timing signal. The 
disclosed embodiment of the system includes a light wand 
having a distal end which is shaped to register against the 
face of the receiving watch. This aids the user in aligning the 
LED with the receiving sensor of the watch. 

7 Claims, 9 Drawing Sheets 
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OPTICAL WAND HAVING AN END SHAPED 
TO REGISTER TO THE SURFACE OF A 
PORTABLE DEVICE TO AUGN 
RESPECTIVE OPTICAL ELEMENT PAIRS 

FOR DATA TRANSFER 5 

TECHNICAL FIELD 

This invention relates to systems and methods for trans- 
ferring a binary data stream in a serial edge-based transmis- 
sion format between a computer and a portable information lo 
device using a peripheral device interface of a desktop 
computer. 

BACKGROUND OF THE INVENTION 
In recent years, there has been an increasing use of 
compact, pocket-size electronic personal organizers that 
store personal scheduling information such as appointments, 
tasks, phone numbers, flight schedules, alarms, birthdays, 
and anniversaries. Some of the more common electronic 
organizers are akin to hand-held calculators. They have a full 
input keyboard with both numeric keys and alphabet keys, 
as well as special function keys. The organizers also have a 
liquid crystal display (LCD) which often displays full sen- 
tences and rudimentary graphics. 

Pocket-size personal organizers prove most useful to busy 25 
individuals who are frequently traveling or always on the 
move from one meeting to the next appointment. 
Unfortunately, due to their hectic schedules, these individu- 
als are the people most likely to forget their personal 
organizers during the frantic rush to gather documents, files, 3Q 
laptops, cellular phones, and travel tickets before heading off 
to the airport or train depot. It would be desirable to reduce 
the number of electronic devices that these individuals need 
to remember for each outing. 

Electronic watches have evolved to the point that they can 35 
function as personal organizers. Like the pocket-size devices 
described above, such watches can be programmed with 
certain key appointments, tasks, phone numbers, flight 
schedules, alarms, birthdays, and anniversaries. Since 
watches are part of everyday fashion attire, they are more 40 
convenient to carry and less likely to be forgotten by busy 
people. However, it is much more difiScult to enter data into 
a watch than it is to enter the same data into a pocket-size 
personal organizer. This difficulty is due in large part to the 
limited number of input buttons and display characters 45 
available on reasonably-sized watches. Most watches are 
Umited to having only four to six input buttons. A wearer 
programs a watch by depressing one or more buttons several 
times to cycle through various menu options. Once an option 
is selected, the user depresses another button or buttons to 50 
input the desired information. These input techniques can be 
inconvenient and difficult to remember. Such techniques are 
particularly inconvenient when a wearer wishes to enter an 
entire month's schedule. Although watches have been made 
with larger numbers of input keys, such watches are usually 55 
much too large for comfort, and tend to be particularly 
unattractive. 

Apart from personal organizers, it is common for many 
people to maintain appointment calendars and task lists on 
their personal computers. One example time management 60 
software is Microsoft's® Schedule+'^'^ for Windows™ 
which maintains daily appointment schedules, to-do hsts, 
personal notes, and calendar planning. This information is 
often a duplicate of that maintained on the portable personal 
organizer. 65 

Timex Corporation of Middlebury, Conn., has recently 
introduced the Timex® Data-Link''" watch. This watch 
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utilizes new technology for transferring information from a 
personal computer to a watch. The face of the watch has an 
optical sensor which is connected to a digital serial receiver, 
better known as a UART (universal asynchronous receiver/ 
transmitter). The watch expects to receive a serial bit trans- 
mission in the form of light pulses at a fixed bit rate. A pulse 
represents a binary *0' bit, and the absence of a pulse 
represents a binary * 1' bit.- 

The CRT (cathode ray tube) or other scanned-pixel dis- 
play of a personal computer is normally used to provide light 
pulses to the watch. Although it appears to a human viewer 
that all pixels of a CRT are flluminated simultaneously, the 
pixels are actuaUy illuminated individually, one at a time, by 
an electron beam which sequentially scans each row or 
raster line of pixels beginning with the top raster line and 
ending with the bottom raster line. It is this characteristic of 
a CRT and of other line-scanning display devices which is 
utilized to transmit serial data to the Data-Link'^" watch. 

To transfer data to the watch, the watch is held near and 
facing the CRT. The computer is programmed to display a 
sequence of display frames in which spaced data transmis- 
sion raster lines represent individual bits of data. Lines are 
illuminated or not illuminated, depending on whether they 
represent binary '0' bits or binary '1' bits. Each line appears 
as a continuous light pulse of a finite duration to the 
receiving watch. The watch recognizes an illuminated line as 
a binary *0' bit. It recognizes a non-illuminated line as a 
binary bit. Generally, integral numbers of "words" often 
bits are transmitted in a single CRT display frame: eight data 
bits, a start bit, and a stop bit. As used herein, the term 
"display frame" means a single screen-size image made up 
of a matrix of pixels which form a plurality of raster lines. 
A display frame is generally created by sequentially illumi- 
nating or refreshing the raster lines of the display device. 

FIG. 1 shows a system 10 as described above. System 10 
includes a computer or computer system 11 and a portable 
or external information receiving device in the form of 
programmable Data-Link™ watch 12. Computer 11 
includes a frame or raster scanning graphics display device 
14, a central processing unit (CPU) 15 having a data 
processor, memory, and I/O components, and a keyboard 16 
(or other input device). 

Visual display device 14 is preferably a CRT (cathode ray 
tube) monitor such as commonly used in personal desktop 
computers. The graphics display device displays sequential 
display frames containing graphical images on its monitor 
screen 22. A "display frame" or "frame" means a single, 
two-dimensional, screen-size image made up of a matrix of 
pixels. The pixels form a pluraUty of available raster lines 
for each display frame. 

The individual pixels and raster lines of a CRT are 
illuminated individually by an electron beam (i.e., the cath- 
ode ray) which sequentially scans each raster line beginning 
with the top raster line and ending with the bottom raster 
line. The beam is deflected horizontally (in the line 
direction) and vertically (in the field direction) to scan an 
area of the screen to produce a single display frame. The 
electron beam strikes phosphors positioned at the screen of 
the CRT monitor to cause them to glow. The phosphors are 
arranged according to a desired pixel pattern, which is 
customarily a matrix of rows and columns. Conventional 
color VGA monitors typicaUy have a resolution of 640x480 
pixels or better. The process of scanning all raster lines a 
single time and retuming the electron beam from the bottom 
to the top of the display is referred to as a "frame scan." 

The linear scanning electron beam of CRT 14 is utilized 
to transfer a binary data stream between computer 11 and 
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watch 12. Specifically, computer 11 uses selected, spaced 
raster lines of CRT 14 for serial bit transmission to watch 12. 
Application software loaded in CPU 15 generates a 
sequence of display frames having changing patterns of 
raster lines that are displayed on CRT 14. The lines appear 
at watch 12 as a series of optical pulses. Watch 12, through 
optical sensor 13, monitors the illumination of the raster 
lines of the sequential display frames to reconstruct the 
transmitted data. 

FIG. 2 shows a specific pattern of selected and spaced 
raster lines used to transmit data to watch 12. Assuming that 
each frame transmits a single 8 -bit byte with start and stop 
bits, ten raster lines 30(1)-30(10) (out of a much larger total 
number of available raster lines) are selected for transmitting 
data. These raster lines will be referred to herein as "data 
transmission raster Hnes,*' as opposed to other, intervening 
raster lines which will be referred to as "unused raster lines." 
Solid Unes in FIG. 2 represent data transmission raster lines 
which are illuminated. Dashed raster lines in FIG. 2 repre- 
sent data transmission raster lines which are not illuminated. 
Each data transmission raster line position conveys one data 
bit of information. Bits having a first binary value, such as 
a value '0', are represented by illuminated data transmission 
lines (e.g., lines 30(1), 30(2), 30(4), and 30(7)-30(9)) and 
bits having a second binary value, such as a value are 
represented by non-illuminated data transmission lines (as 
illustrated pictorially by the dashed lines 30(3), 30(5), 30(6), 
and 30(10)). The data transmission raster lines are spaced at 
selected intervals, with intervening unused or non-selected 
raster lines, to produce a desired temporal spacing appro- 
priate for the data receiving electronics of watch 12. 

For each programming instruction or data to be transmit- 
ted to the watch, the software resident in the CPU 15 causes 
the CRT monitor 14 to selectively illuminate the appropriate 
data transmission raster lines representing '0' bits by scan- 
ning the associated pixels. The selected data transmission 
lines that represent 'V bits are left non-illuminated. The 
middle eight lines 30(2)-30(9) represent one byte of pro- 
gramming information being optically transmitted to watch 
12. Top line 30(1) represents a start bit and bottom line 
30(10) represents a slop bit that are used for timing and error 
detection. Because of the scanning nature of the cathode ray 
of CRT monitor 14, these patterns produce a serial light 
emission from CRT monitor 14 which is representative of a 
serial bit stream. Each display frame in FIG. 2 represents one 
byte. A new line grouping is presented for each sequential 
display frame so that each such display frame represents a 
different data byte. Two or more bytes could optionally be 
transmitted in each display frame. 

The display of FIG. 2 implements a serial, edge-based, 
optical transmission format as shown by example signal 29 
in the timing diagram of FIG. 3, in which the horizontal 
direction indicates time and the vertical direction indicates 
optical signal intensity. Individual bits of the transferred 
binary data stream have first and second binary values which 
are represented in this transmission formal by the presence 
or absence of optical signal edges at what are referred to 
herein as "mark times" 32(l)-32(9). The mark times are 
specified to occur at a pre-selected bit rate such as 1024 
bits/second or 2048 bits/second. They are represented in 
FIG. 3 by the vertical arrows beneath signal 29. To work 
with the current implementation of the Data-Link"^" watch, 
the pre-selected bit rate should be approximately equal to 
2048 bits/second. 

This type of signal has the characteristic of returning to a 
"low^* value before every transmitted bit. This type of 
transmission format is necessitated by the nature of a 
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scarming device such as CRT 14. The longest continuous 
optical pulse duration which can be generated with CRT 14 
is the that of a horizontal raster line. This is because the 
electron beam of the CRT is deactivated between lines. The 
duration of a single raster line is significantly less than the 
time between mark times at practical bit rates. 

The start bit of a single byte is represented in FIG. 2 by 
illuminated horizontal raster line 30(1). Illuminated raster 
line 30(1) produces a light pulse 31(1) as shown in FIG. 3 
of a relatively short duration. The rising edge of light pulse 
31(1) occurs at a first mark time 32(1). The first bit of the 
transmitted byte is a "0", and is represented in FIG. 2 by 
illuminated horizontal raster line 30(2). Illuminated raster 
line 30(2) produces a fight pulse 31(2) (FIG. 3). The rising 
edge of Light pulse 31(2) occurs at a second mark time 32(2). 
The second bit of the transmitted byte is a "1", and is 
represented in FIG. 2 by non-illuminated horizontal raster 
fine 30(3). Non-illuminated raster line 30(3) produces no 
light pulse and no rising edge at the third mark time 32(3). 
The third bit of the transmitted byte is a "0", and is 
represented in FIG. 2 by illuminated horizontal raster fine 
30(4). Illuminated raster line 30(4) produces a light pulse 
31(4). The rising edge of light pulse 31(4) occurs at a fourth 
mark time 32(4). The remaining bits of the byte are trans- 
mitted in a similar manner, followed by a stop bit which is 
represented by non-illuminated raster fine 30(1). 

FIG. 4 shows an external face of programmable watch 12, 
which is illustrated for discussion proposes as the Timex® 
Data-Link™ watch. Other watch constructions as well as 
other portable information devices can be used in the context 
of this invention. Watch 12 includes a small display 33 (such 
as an LCD), a mode select button 34, a set/delete button 36, 
next/previous programming buttons 38 and 40, and a display 
fight button 42. Optical sensor 13 is positioned adjacent to 
display 32. In the programming mode, display 32 indicates 
the programming option, and what data is being entered 
therein. During the normal operational mode, display 32 
shows time of day, day of week, or any other fimction 
common to watches. 

Referring now to FIG. 5, watch 12 includes a CPU 
(Central Processing Unit) 68 for performing data processing 
tasks, a ROM (Read Only Memory) 70 for storing initial 
power-up programs and other identification information, and 
a RAM (Random Access Memory) 72 for data storage. 
ROM 70 has an example capacity of approximately 16 
Kbytes, while RAM 72 has an example capacity of 1 Kbyte. 
A display RAM 74 is provided to temporarily store data used 
by display driver 76 to depict visual information on display 
32. These components can be incorporated into a single 
microprocessor-based integrated circuit. One appropriate 
microprocessor IC is available from Motorola Corporation 
as model MC68HC05HG. 

Watch 12 has an optical sensor 13 which is coupled to a 
digital serial receiver or UART 60. UART 60 is a 
conventional, off-the-shelf circuit which receives data in 
eight-bit words surrounded by start and stop bits. However, 
UART 60 must receive a conventional NRZ (non-return to 
zero) or level-based signal — in contrast to the edge-based 
signal illustrated in FIG. 3. Therefore, watch 12 includes 
conversion circuitry 61 to produce a level-based or NRZ 
serial signal from the edge-based signal generated by com- 
puter 11 and CRT 14, Such conversion circuitry consists of 
a retriggerable monostable osciUator. Conversion circuitry 
61 also includes amplifier and filter circuits. 

FIG. 6 shows a level-based signal 80 after conversion by 
conversion circuitry 61. For reference, the edge-based signal 
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29 of FIG. 3 is shown below level-based signal 80. The signals at a frequency which is an integer multiple n of the 

initial start bit pulse 31(1) of FIG. 3 is inverted and extended desired bit rate, wherein every vl^ timing signal occurs at a 

by conversion circuitry 61 until the next mark time. The mark time. A light emitting element such as an LED is 

remaining data bits and stop bit are similarly extended so connected to a bit output line of the peripheral device 

that signal 80 only changes level when a bit has a different 5 interface so that the computer can switch the light emitting 

value than the previous bit. This is in contrast to signal 29 element between on and ofip states at any time through the 

of FIG. 3, where the signal always returns to a "low" value output line. An application program monitors the timing 

before the next bit. signals and transmits individual data bits of a binary data 

The output of conversion circuitry 61 is fed to UART 60. stream at corresponding n'^ timing signals. Specifically, the 
UART 60 is coupled to an internal bus 62, which is prefer- 10 application program switches the state of the light emitting 

ably an eight-bit bus. Inputs received from the control element from a first to a second of its on and ojff states to 

buttons on the watch, referenced generally by box 64, are create an optical signal edge at a particular n"" timing signal 

detected and deciphered by button control circuit 66 and if and only if the data bit corresponding to said particular n'^ 

placed on bus 62. timing signal has the first binary value. The application 

To program the watch, the computer is first loaded with a switches the light emitting element back to its first state at 

compatible time management software and optical pattern an intermediate Ummg signal which occurs prior to the next 

generating software. One example time management soft- ° limmg signal. 

ware is Microsoft's® Schedule+™ for Windows™ and a Further aspects of the invention include an adapter for 

suitable optical pattern generating software is Timex® Data- connecting the light emitting element to either the parallel or 

Link'^M communications software. The user selects a desired ^^e serial printer interface of a computer without requiring 

option from a menu of choices displayed on the monitor in special conversion circuitry. The invention also includes a 

a human-iQtelligible form. For instance, suppose the user ^^^} wand for aligning the light emitting element with the 

wants to enter his/her appointments and tasks for the month optical sensor of the receiving watch. The wand has a button 

of January, including a reminder for his/her mother's birth- which a user can press to signal the computer -to begin data 

day on Jan. 18, 1995. The user inputs the scheduling transfer. 

information on the computer using a keyboard and/or mouse BRIEF DESCRIPTION OF THE DRAWINGS 
input device. The user then sets the watch to a programming 

rnode using control buttons 34--40 and holds optical sensor FIG- 1 is a diagrammatic illustration of a system for 

13 in juxtaposition with monitor screen 22. A sequence of serially transferring data to a programmable watch from a 

changing optical patterns having horizontal contiguously- desk-top computer with a CRT. 

scanned lines begin to flash across the monitor screen as FIG. 2 is diagrammatic front view of a CRT monitor 

shown in FIG. 3 to optically transmit data regarding the depicting a display frame having contiguously-scanned lines 

various appointments and tasks. In about 20 seconds, the used to convey bits of information to the programmable 

system will have transmitted as many as 70 entries, includ- watch. 

ing the birthday reminder. These entries are kept in data fig. 3 is a timing diagram showing an optical signal 

RAM 72. generated by the CRT monitor of FIG. 2. 

The system described above is extremely convenient and FIG. 4 is a diagrammatic front view of the programmable 

easy to use. However, it does have a significant drawback in watch of FIG. 1. 

that it cannot be used with some types of computer displays. ^ piQ. 5 is a simplified block diagram of the internal 

Specifically, LCD screens do not generate light pulses which components of the programmable watch of FIG. 1. 

can be sensed by the optical sensor of the Data-Link™ ^ • , ^ « -.i 1 1 

^ , . J. % K J , , , , rVKj. 6 IS a timing diagram or a senal logic signal 

watch According^, another method must be used to pro- j^^^^^j, ^ programmable watch in response 

Snned diT k s ""^'P'lters which use non- ^.^^^ ^^^^^ ^ p,Q 3 ^^^.^^ ^j^^^, 3 

^ ^ ' 45 is also incorporated in FIG. 6 for purposes of reference. 

II has been contemplated that communication from such 7 ^ diagrammatic view of a system in accordance 

coinputers to he Data-LrnkTM watch could be acc^ with the invention for transferring a binary data stream 

LED s with (hght-emittmg diodes) connected to the senal between a computer and a portable information device, 

pnnter mterfaces of the computers. However, this would „ . f j i_, , j- r 

require special conversion circuitry to convert the level- 50 " " ^J^^]"^^ °^ ^"""P"'^' 

based serial signal produced by a serial printer interface to ^ ^ * * 

the edge-based serial format expected and required by the ^ ^ distal-end perspective view of a light wand in 

Data-Link^"^^ watch. It would be desirable to eliminate the accordance with one embodiment of the invention, 

need for such special conversion circuitry. Another problem FIG. 10 is a top perspective view of a watch and light 

with the previously-contemplated approach is that users 55 wand in accordance with said one embodiment of the 

might have diflBculty in correctly positioning the LED invention. 

relative to the watch and in signaling the computer when FIG. 11 is a schematic diagram of a light wand and 

alignment has been achieved. Again, it would be desirable to associated adapter in accordance with said one embodiment 

eliminate this concern. of the invention. 

60 FIG. 12 is a flow diagram showing methodical steps 

SUMMARY OF THE INVENTION implemented by the system of FIG. 7. 

The invention described below utilizes the peripheral FIG. 13 is a timing diagram showing an example timing 

device interface of a computer, in conjunction with an signal and edgp-based signal in accordance with the inven- 

internal timer of the computer, to produce an edge-based lion. 

serial signal such as illustrated in FIG. 3 without requiring 65 FIG. 14 is a timing diagram showing another example 

conversion circuitry. In the embodiment disclosed herein, timing signal and edged based signal in accordance with the 

the computer programs its internal timer to generate timing invention. 
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FIG. 15 is a distal-end perspective view of an alternative- 
embodiment light wand in accordance with the invention. 

FIG. 16 is a schematic diagram of the light wand of FIG. 
15 and its associated adapter. 

5 

DETAILED DESCRIPTION 

FIG. 7 shows a system 100 in accordance with an exem- 
plary embodiment of the invention for transferring a binary 
data stream between a computer 102 and a portable infor- 
mation device 104. As will be further described below, 
system 100 uses an optical element pair to transfer the binary 
data stream. Portable information device 104 has a first 
member of the optical element pair, which is preferably an 
optical sensor for detecting serially transmitted binary data. 
The second member of the optical element pair is preferably 
a light emitting element associated with computer 102 for 
serially transmitting binary data to portable information 
device 104. 

Computer 102 is a laptop computer having an LCD or 20 
other non-scanning screen 106 which is unsuitable for 
normal transmission of data to portable information device 
104. Portable information device 104 is a Timex® Data- 
Link*^** watch, which can be configured to function as a 
portable personal information manager. The invention is 25 
described herein within the context of a programmable 
watch. However, other forms of external devices can be 
used, such as pagers and personal digital assistants (PD A*s). 
As used herein, "portable information device" means a 
small, portable, electronic apparatus that has limited power 3Q 
resources and limited rewritable memory capacity. The 
Data-Link™ watch, for example, is presently constructed 
with a rewritable memory capacity of approximately 1 
Kbyte. 

System 100 includes a light wand 108 which computer 35 
102 uses to produce a serial, edge-based optical signal as 
described above with reference to FIG. 3. Light wand 108 is 
used in conjunction with a digital output line of the com- 
puter. Specifically, light wand 108 has a light emitting 
element which connects to and is responsive to a bit output 40 
line of the computer. The digital output line is of a type 
which can be turned on and off by the computer at any time, 
on a real-time basis. The serial transmit line associated with 
serial printer interface 128, commonly referred to as the TX 
line, does not satisfy this criteria — computer 102 cannot 45 
control the state of the TX line on a real-time basis. Rather, 
the TX line is controlled by a UART (universal asynchro- 
nous receiver/transmitter). Computer 102 controls the TX 
line only indirectly by writing bytes to the UART. The 
UART, in turn, produces an NRZ, level-based, serial signal 50 
through the TX line at a bit rate which is controlled by the 
UART itself in conjunction with an external oscillator. It is 
not possible for computer 102 to create an edge-based 
signal, such as shown in FIG. 3, through the TX line of the 
serial printer interface. 55 

FIG. 8 shows pertinent internal components of computer 
102, including a data processor 120, volatile program 
memory 122, non-volatile storage memory 124, and two 
peripheral device interfaces. In this case, the peripheral 
device interfaces include a parallel printer interface 126 and 60 
a serial printer interface 128. Other types of peripheral 
device interfaces could also be used, such as a CRT inter- 
face. Computer 102 further includes an internal general 
purpose programmable timer circuit 130 which can be used 
to generate periodic interrupts or for other purposes by 65 
application software running on computer 102. Such a timer 
is found in most types of desktop or personal computers. The 
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illustrated computer system is an IBM®-compatible system, 
although other architecmres, such as Apple®-compatible 
systems, can be employed. In IBM®-compatible systems, 
the internal timer is referred to as an 8253 timer. The 8253 
timer actually incorporates three timer circuits. Two are used 
by the computer's internal operating system, while a third is 
available for application programs. The features and meth- 
ods described below utilize this third timer circuit. 

Parallel printer interface 126 is of a type commonly found 
in IBM®-compatible and other systems, popularly referred 
to as a Centronics-type interface. Serial printer interface 128 
is similarly a common feature of desktop computers, and 
conforms to the RS-232 standard which is well-known in the 
industry. Each interface is associated with its own electrical 
connector (not shown) for connection to external devices. 
Most popular desktop systems, such as the IBM®- 
compatible system shown, use industry-standard "DB-25" 
connectors for their parallel and serial interfaces. The par- 
allel printer interface has a plurality of bit lines which can be 
individually configured as inputs or outputs. The binary state 
of the bit input lines can be monitored at any time by reading 
from a control register. The binary state of the bit output 
lines can similarly be modified at any time by writing to a 
control register. The serial printer interface has serial trans- 
mission and reception lines, referred to respectively as TX 
and RX lines, as weU as a number of control input and output 
lines. The TX and RX lines cannot be directly modified by 
computer 102. Rather, they are under control of a UART 
circuit which normally processes data stream bits at a 
specified bit rate. The control input and output lines, 
however, can be monitored and modified at any time by 
accessing one or more control registers. 

Wand 108 is adapted for connection to either parallel 
printer interface 126 or serial printer interface 128. The 
digital output line referred to above is either a selected data 
or control output line of parallel printer interface 126 or a 
control output line of serial printer interface 128. The LED 
of wand 108 is operably connected to respond (a) to the 
selected output line of the parallel printer interface when 
wand 108 is connected to the parallel printer interface, or (b) 
to the control output line of the serial printer interface when 
wand 108 is connected to the serial printer interface. 
Through this connection, computer 102 is able to switch the 
LED between on and off states at any time to create an 
edge-based serial signal at a specified bit rate. 

FIGS. 7 and 9-11 show wand 108 in more detail. It 
comprises an elongated, cylindrical hand-held housing or 
tube 114 having a proximal end 140 (FIG. 7) and an open 
distal end 142. A light emitting element or LED 144 is 
contained within the tube's distal end 142. LED 144 is 
operably connected through a flexible cable 112 to an 
adapter 110 which extends between tube 114 and adapter 
110 for connection to a digital output line of the computer. 
Adapter 110 is a DB-25 connector which mates with the 
serial or parallel printer interface connectors of computer 
102. 

As best shown in FIG. 10, watch 104 has an irregular or 
non-planar surface about the optical sensor. More 
specifically, watch 104 has an upper surface 150 in which its 
optical sensor 152 is positioned. This surface has a circular 
outer periphery. A circular recess or trough 154 surrounds 
upper surface 150 just outside its outer periphery and 
adjacent optical sensor 152. Open distal end of hand-held 
housing 114 has a shape which is complementary to the 
irregular surface about optical sensor 152. The wand is 
formed with a protrusion 156 which extend down into 
trough 154 to positively register wand 108 with the non- 
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planar surface of watch 104 and to thereby align LED 144 A first step 200 comprises programming or setting an 

relative to optical sensor 152 of watch 104. This reduces any internal programmable timer circuit, such as timer 130, to 

problems a user might have in determining where to locate generate timing signals at a frequency which is an integer 

the LED relative to the optical sensor of the watch. Other multiple n of the pre -selected bit transmission rate at which 
methods of registering wand 108 with watch 104 could 5 watch 104 expects to receive data. As noted above, the bit 

optionally be employed. The LED is preferably positioned ^^^^ expected by the Timex Data-Link^** watch is currently 

within the cylindrical housing of wand 108 to be about one bits/second. The occurrences of these timing signals 

inch from the optical sensor when the wand is registered ^^^"^ ^^s, so that every n** timing signal occurs 

against the watch. ^ m?xk time, and so that mark times occur at the bit 
Wand 108 further includes a depressible button or lO transmission rate in coincidence with the timing signals. A 

momentary contact switch 158 on housing 114. This button subsequent step 202 composes polling or monitoring the 

is operably connected through flexible cable 112 to signal signals with the computer. A decision step 203 

the computer to initiate optical transfer of the binary data comprises determining whether a timing signal has 

stream. occurred. If it has not, execution returns to step 202. Upon 

T * • ■4- 11 £ . r J . 1*; detecting a timing signal, step 204 determines whether it is 

In use, a user miUally configures computer 102 for data a, ■ • , j- . i Tr • 

tro««-fi»r TT,^ fu^r. «, ^ lAfi ' * *u * t ° tmnxxg sigual, correspondmg to a mark time. If it is an 

w^f or^L'ri^^^^^ holds wand 108 against the face of ^ ^^^^^^.^^ J^^^ ^^^^^^ ^^^^^ 

Tr^l T^l X ^^^f. T 1 r determination of whether the next bit to be transmitted 

trough 154 and then presses but.ton 158 to begin data has a binary ^0' value or a binary '1' value. If the value is 'r, 

transfer. It has been found that this feature reduces or „^ -1 « ^ * * *u 

f f u . ui . T T-T^ • 20 action IS taken and execution returns to step 202. If the 

elimmates data transfer errors attributable to LED mis- i - ^n? * mo ■ - tt^t^ 

. . . value IS 0 , a step 208 of turning on or lUummatmg LED 

^ ^' 144 is executed. LED 144 is turned on via the selected 

Refernng now to the schematic of FIG. 11, the anode of digitaloutputlineof computer 102. This generates an optical 

LED 144 IS connected through a first resistor 160 to pin 4 of signal edge 

a DB-25 connector (not shown). Pin 4 of a DB-25 connector tt,^^« ,.f^«- < • j - i ^ ^ u * r 

, ^ *u J . 1 1- r - J 25 These steps result m transmittmg mdividual data bits of 

corresponds to the data-bit-1 Ime of an industry-s andard ^inaty data stream at correspondmg n'* timing signals, 

paralle printer mterface It ^ configured as an output by Transmitting an individual data bit comprises switching the 

computer 102 and can thus be switched on and off at any t cn iaa r^^^ - t^^, « Z. a t -, a 

u » lAi . u T T-T-> -...^ A a -ry- A state 01 the LED 144 trom a nrst to a second of its on and 

time by cx-mputer 102 to switch LED 144 on and off. Pm 4 ^jj,,,^^ ,^ j^^j , ^ ^ ^^^^ 

of a DB-25 connector ako corresponds to the RTS (ready- ^^^^ 3^ j jf ^^j^jj .^/^^^^ 

"^1%^^ °* Indus ry-standard serial prmter interface. ^ing to said particular n'" timing signal has the first 

nie R-re hne k a conteol output line which can similarly be binary value. Computer 102 switches LED 144 from off to 

>"TtTpt 'Tk ^ T^T.^ n 0° °°ly for data bits having the «0' value. Data bits having 

Its UART. simply by wntmg to a register of the UART. ^^^j^ ^ ^jg^^ ^^ge. 

The cattiode of LED 108 is connected directly to pin 7 of 35 steps 210 and 212 comprise switching the state of the 

the DB-25 connector. This corresponds to the data-bit-5 Ime ^^^^ ^^^^^^^ ^ack to its first state (off in the 

of a parallel pnnter mterface, which is configured by com- embodiment disclosed herein) at an intermediate timing 

puter 102 as an output. The computer is programmed to fix ^^ich occurs between mark times after the particulw 

this Ime at a low value to act as a bound or low voltage „'« timing signal but before the subsequent n* timing signal, 

source for LED 144 when wand 108 is connected to the ^ Specifically, the intermediate timing signal occurs x timing 

paraUel pnnter mterface. Pm 7 also corresponds to the GND ^j^, tj,^ ^^^^ ^^^^^ ^^^^^ ^ ^ t^,^„ „ S,^^ 

(ground) ime ot the serial pnnter mterface. 2IO determines whether the timing signal detected in step 

One terminal of button switch 158 is connected to both of 203 is x timing signals after the last n'^ timing signal. If not, 

pms 9 and 20 of the DB-25 connector. Pin 9 corresponds to execution returns to step 202. If the timing signal is x timing 

the data-bit-7 line of a parallel printer interface (configured 45 signals after the last n''* timing signal, step 212 of turning 

as an output), and pin 20 corresponds to the DTR (data LED 144 off is executed, and execution returns to step 202 

termmal ready) control output line of a serial printer inter- for polling the timer again. These steps are repeated for 

face. These output fines are set high by computer 102 so that individual bits of the data stream, including start and stop 

they function as high voltage sources. The other terminal of bits, until the data stream has been exhausted as indicated by 

button 158 is connected through a resistor 161 to pin 7 50 decision block 214. 

(which functions as ground) and directly to pin 6. Pin 6 one embodiment of the invention, n is equal to two and 

corresponds to the data-bit-4 hne of a paraUel printer inter- the intermediate timing signal occurs one timing signal after 

face and to the DSR (data-set-ready) line of a serial printer j^e particular timing signal (x^l). This is iUustrated in the 

mterface. These fines are configured as inputs and polled by timing diagram of FIG. 13, which shows an optical signal 

computer 102 to determine whether button 158 is pressed. 55 2IO resulting from the transmission by computer 102 of two 

The interconnections shown in FIG. 11 are contained consecutive '0' bits. Timing signals 212 generated by timer 

primarily within adapter 110. With this configuration, the circuit 130 are shown below signal 210. Mark times are 

adapter can be connected to either a parallel printer interface again iUustrated by vertical arrows beneath the timing 

or to a serial printer interface. In either case, computer 102 signals. At a first timing signal 214 which occurs at a first 

can control LED 144 on a real-time basis to produce an 60 mark time 220, computer 102 transmits the first '0' bit by 

edge-based signal as shown in FIG. 3. switching the LED 144 on and creating a first rising edge 

When transferring information, computer 102 runs an 215. Computer 102 continues to monitor the timing signals, 

application program 131 (FIG. 8) to control the data transfer. The next, second timing signal 216 occurs prior to the next 

The application program implements a method of transfer- mark time. Upon detecting this intermediate timing signal, 

ring a binary data stream in a serial, edge-based transmission 65 computer 102 switches LED 144 back off. Since n is equal 

format. Tbe methodical steps implemented by the applica- to two in this case, computer 102 then monitors the timing 

tion program are shown in FIG. 12. signals, waiting for the n*^ or second timing signal after first 
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timing signal 214, referenced by numeral 218. Timing signal 
218 occurs at a second mark time 221. Upon detecting 
timing signal 218, computer 102 repeats the process of 
switching LED 144 on and then back off to create a pulse 
with a rising edge 219. If the bit to be transmitted were to 
have a binary value of '1', computer 102 would simply skip 
the step of switching LED 144 on. 

In another embodiment of the invention, n is equal to four. 
The intermediate timing signal, however, still occurs one 
timing signal after each n'^ timing signal. This is illustrated 
in the timing diagram of FIG. 14, where the timing signal is 
referenced by the numeral 224 and the optical signal is 
referenced by the numeral 226. At a first timing signal 228 
which occurs at a first mark time 233, computer 102 
transmits the first '0' bit by switching the LED 144 on, 
thereby creating a an optical pulse with a leading edge 229. 
Computer 102 continues to monitor the timing signals. The 
next, second timing signal 230 occurs prior to the next mark 
time 234. Upon detecting this intermediate timing signal, 
computer 102 switches LED 144 back off. Computer 102 
then monitors the timing signals, waiting for the next n''^ or 
fourth timing signal after first timing signal 224, referenced 
by numeral 232. Timing signal 232 occurs at a second mark 
time 234. Upon detecting timing signal 232, computer 102 
repeats the process of switching LED 144 on and then back 
off. 

In another embodiment of the invention, not illustrated, n 
is equal to sixteen. The intermediate timing signal in this 
embodiment occurs three timing signal after each n** timing 
signal. This results in a data signal having a duty cycle of 
Vieths (each optical pulse is present for Vieths of the total bit 
time). 

FIG. 16 shows a still further embodiment of the invention 
in which a wand 240 has both a light emitting element and 
its own optical sensor 242 for receiving a binary optical 
signal from an external source. Wand 240 is similar to wand 
108, aheady described, and the same reference numerals are 
therefore used to designate identical components of the two 
embodiments. Wand 240 is used for bi-directional data 
transfer. Optical sensor 242 is connected through flexible 
cable 112 to adapter 110, which is in turn connected to a 
digital input line of computer 102. Through such a 
connection, computer 102 can monitor the on and off states 
of the optical signal received by the optical sensor at any 
time when the adapter is connected to either the parallel or 
the serial printer interface. 

FIG. 15 shows the electrical connections of optical sensor 
242 in more detail. Optical sensor 242 is a three-terminal 
device, having a power terminal 246, a ground terminal 248, 
and a signal output terminal 250. Power terminal 246 is 
connected to pins 9 and 20 of the adapter's DB-25 connec- 
tor. As already discussed, these pins are fixed at a high 
voltage to provide power to optical sensor 242. Ground 
terminal 248 is connected to pin 7, which is fixed at a low 
voltage as already described. Signal output terminal 250 is 
connected to pin 5. Pin 5 corresponds to data-bit-3 in a 
parallel printer interface. Data-bit-3 is configured as an input 
so that computer 102 can monitor the state of a received 
optical signal. Pin 5 corresponds to the GTS (clear- to-send) 
control line of a serial printer interface. Computer 102 can 
similarly monitor this Hne to determine the state of a 
received optical signal. 

Reception of a data stream using wand 240 occurs in an 
analogous manner to transmitting data. A computer appli- 
cation program monitors the timing signals generated by 
timer circuit 130 and polls the digital input line associated 
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with the optical sensor. The line is polled at least every n''' 
timing signal to detect signal edges of the optical signal at 
the mark times. Preferably, the application program polls the 
digital input line at every n** timing signal and at at least one 
timing signal following every n^'* timing signal. Even more 
preferably, the application program polls the digital input 
line at every timing signal to detect rising edges of an 
incoming optical signal and to relate those rising edges to the 
mark times which occur at the selected bit rate. 

The various aspects and features of the invention 
described above allow a single, inexpensive device to be 
used for transferring information to a portable information 
device when it is not practical to complete such transfer 
using a CRT monitor. Even though the receiving device 
expects a signal of a type which cannot be automatically 
generated by the serial printer interface of a conventional 
desktop computer, the same device can be plugged into 
either a serial printer interface or a parallel printer interface 
to generate this speciaHzed signal. Additionally, no conver- 
sion electronics are required to produce the specialized 
signal. As a further enhancement, the light wand of the 
invention reduces the difficulties users might have otherwise 
had in correctly positioning an LED relative to a portable 
information device to accomplish data transfer. It is befieved 
that these features will significantly increase the value and 
user friendliness of data transfer systems such as those used 
in conjunction with the Tuiiex®Data-Link"^" watch. 

It is to be expressly understood that the claimed invention 
is not limited to the disclosed embodiments but encompasses 
other alternate embodiments that fall within the scope of the 
appended claims. 

I claim: 

1. A light wand for optically transferring, via an optical 
element pair, a binary data stream between a computer and 
a portable information device, the optical element pair 
comprising a Hght emitting element for serially transmitting 
binary data and an optical sensor for detecting serially 
transmitted binary data, the portable information device 
having a first member of the optical element pair, the 
portable information device having a surface about the first 
member of the optical element pair, the hght wand com- 
prising: 

a hand-held housing having a proximal end and an open 
distal end; 

the second member of the optical element pair being 
contained within the open distal end of the hand-held 
housing; 

a flexible cable extending from the hand-held housing for 
connection to an I/O hne of a computer, the flexible 
cable being operably connected to the second member 
of the. optical element pair; 

the open distal end of the hand-held housing having a 
shape which is complementary to the surface of the 
portable information device about the first member of 
the optical element pair, the distal end of the hand-held 
housing registering with the surface of portable infor- 
mation device to align the second member of the 
optical element pair relative to the first member of the 
optical element pair. 

2. A Hght wand as recited in claim 1 wherein the surface 
of the portable information device about the first member of 
the optical element pair is non-planar. 

3. A hght wand as recited in claim 1 wherein the first 
member of the optical element pair is the optical sensor and 
the second member of the optical element pair is the light 
emitting element. 
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4. A light wand as recited in claim 1 and further com- 
prising a depressible button on the housing, the depressible 
button being operably connected through the flexible cable 
to signal the computer to initiate optical transfer of the 
binary data stream. 5 

5. A light wand as recited in claim 1 and further com- 
prising an adapter which connects to either one of a com- 
puter's parallel and serial printer interfaces, the cable being 
connected through the adapter to the parallel printer inter- 
face when the adapter is connected to the parallel interface lo 
and to the serial interface when the adapter is connected to 
the serial printer interface. 

6. A light wand for optically transmitting a binary data 
stream from a computer to a portable information device, the 
portable information device having an optical sensor for 15 
detecting serially transmitted binary data, and having a 
surface about the optical sensor, the light wand comprising: 

an elongated hand-held housing having a proximal end 
and an open distal end; 

a light emitting element contained within the open distal 

end of the elongated cylindrical hand-held housing for 

serially transmitting binary data; 
an adapter which connects to the computer's peripheral 

device interface; 25 
a flexible cable extending firom the hand-held housing, the 

flexible cable being operably coimected to light emit- 
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ting element, the flexible cable being connected 
through the adapter to the computer's peripheral device 
interface when the adapter is connected to the periph- 
eral device interface; 

the open distal end of the hand-held housing having a 
shape which is complementary to the surface of the 
portable information device about the optical sensor, 
the distal end of the hand-held housing registering with 
the surface of portable information device to align the 
light emitting element relative to the optical sensor of 
the portable information device; 

a depressible button on the housing, the depressible 
button being operably connected through the flexible 
cable to signal the computer to initiate optical transfer 
of the binary data stream. 
7. A light wand as recited in claim 6 wherein the adapter 
connects to either one of a computer's parallel and serial 
printer interfaces, the flexible cable being connected through 
the adapter to the paraUel printer interface when the adapter 
is connected to the parallel printer interface and to the serial 
interface when the adapter is connected to the serial inter- 
face. 
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Evidence Appendix D (37 C.F.R. § 41.37(c)(l)(ix)) 
Copy of the Interview Summary Record Dated December 20, 2004 

This Interview Summary Record was prepared by the Examiner, given to Appellants' 
counsel, and made part of the record after a personal interview with the Examiner conducted on 
December 20, 2004. 
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Application No. 



Applicant(s) 



Interview Summary 



10/086.644 



SCHROCKETAL 



Examiner 



Art Unit 



Thanh S Phan 



2841 



All participants (applicant, applicant's representative, PTO personnel): 



(1) Thanhs Phan . 



(3). 



(2) Tom Evans . 



(4). 



Date of Interview: 20 December 2004 . 

Type: a)^ Telephonic b)n Video Conference 

c)l3 Personal [copy given to: !)□ applicant 2)^ applicant's representative] 

Exhibit shown or demonstration conducted: d)n Yes e)|3 No. 
If Yes, brief description: . 

Claim(s) discussed: . 

Identification of prior art discussed: Thinesen fUS 5.050. 1411 and Kanzake rUS 5.526.290] . 
Agreement with respect to the claims f)\J was reached. g)n was not reached. h)l3 N/A. 



Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: It was agree d that the 112 rejection is inadequate and will be withdrawn Discussed 
newly added wording in the next respon se in tenm of oatentabilitv. Examiner will consider thses arguments when f hG 
next resDone is received. . ' 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 



THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 




U.S. Patent and Trademark Office 



Examiner Note: You must sign this fomi unless it is an 
Attachment to a signed Office action. 




PTOL-413(Rev. 04-03) 



Interview Summary 



Paper No. 12202004 



iimary of Record of biterview Requirement 
Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of interview iUust be iVIade of Record 

A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 

Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1, 111 , 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 



The action of tlie Patent and Trademari< Office cannot be based exclusively on tiie written record In the Qffice If that record is itself 
incomplete through the failure to record the substance of Interviews. 

It is the responsibility of the applicant or the attorney or agent to mai<e the substance of an interview of record in the application file unless 
the examiner indicates he or she will do so. it Is the examiner's responsibility to see that such a record is made and to con-ect material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checicing the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 81 2.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical en-ors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures belovv Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication, if additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 

- Application Number (Series Code and Serial Number) 

- Name of applicant 

- Name of examiner 

- Date of interview 

- Type of interview (telephonic, video-conference, or personal) 

- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 

- An Indication whether or not an exhibit was shown or a demonstration conducted 

- An identification of the specific prior art discussed 

- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 

1) A brief description of the nature of any exhibit shown or any demonstration conducted, 

2) an identification of the claims discussed, 

3) an identification of the specific prior art discussed, 

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 
Interview Summary Form completed by the Examiner, 

5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general Indication of any other pertinent matters discussed, and 

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 
the examiner. 

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 
accurate, the examiner will give the applicant an extendable one month time period to con-ect the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK' on the 
paper recording the substance of the interview along with the date and the examiner's Initials. 



2 



U.S. Patent Appln. No. 10/086,644 
Appellants' Appeal Brief 



Related Proceedings Appendix (37 C.F.R. § 41.37(c)(l)(x)) 

None, as noted in Section (ii) above. 
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